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vi The PREFACE. 

There are two Things abfolutely neceffary, to 
make the Acquifition of any Science as eafy as its 
Nature will admit. Firft, the Difpofition. of the 
Work, fo that the Rules be clear and diftinit ; 
and then the Illustration of thefe Rules by a fuf- 
iicient Number of proper and pertinent Examples. 
And tho' the excellent Elements of the judicious 
Euclid are of a different Nature, yet in this I 
have induftrioufly ftudied to imitate him, that I 
propofe no new Rule or Article in this Science of 
lnveJligation> till it become neceflary to carry the 
Learner to a further Degree of Knowledge. 

Science may be compared to a highly finiihed 
Pile of Building, all the Parts of which being dif- 
pofed in the moil exa£t Symmetry, they riiuft affedt 
our Perception, and gratify our internal Senfation 
with a more exquifite Pleafure, than if viewed in a 
feparate State : For in fuch a State, to all but the' 
Learned, they would appear broken and incon- 
nested Materials of a mighty Stru&ure, which the 
Mind wanting Power to conceive, could enjoy no 
Satisfaction in the Contemplation of fuch a Train 
of imperfect and confufed Ideas. But, when thus 
exhibited in their true Proportion, it will be eafy, 
even for the youngeft Scholar, to gain a perfect 
Notion of each, and, as he advances, a gradual 
Comprehenfion of the Beauty refulting from their 
Connection, and how they mutually affilt and 
ornament each other. 

In teaching the abftra£t Sciences, Examples have 
a ftrong as well as natural Tendency toilluftrate the 
Precepts concerning our abftraft Reafonings, efpe- 
cially in this Science of Invejiigation : In the Syn- 
thetic Method, or Method by Demonftration, one 

Example 
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The PREFACE. vii 

Example or Propofition is fufficient,. for a Number 
of the fame Propofitions is only a Repetition of the 
fame fucceflive Train of Ideas; whereas, in the 
Analytic Method, or Method by Inveftigation, the 
fame Conclufion is gained, tho' there may be a great 
Variety in the Connection of the Reafoning, by the 
different Difpofition of the Ideas, notwithftanding 
they are directed by the fame general Rule, 

And as the principal Difficulty in this Science, 
Is acquiring the Knowledge of folving of Que- 
jftions, I have given a great Variety of thefe 
in refped: to Numbers and Geometry, and their 
Solutions I chofe to give in the moft particular, 
diftinft, and plain Manner ; and for which the 
Reader will find full and explicit Directions. As 
it is prepofterous and abfurd, to expert a Perfon 
to be a Critic in any Language as foon as he has 
paffed thro' his Grammar ; fo, I cannot help think- 
ing it wrong to expert a Learner fhould fee the 
Reafon of particular elegant Methods of Solution, 
before he has pradtifed a general and univerfal 
Method ; but after the general Rules are become 
eafy and familiar, the Learner may then apply him- 
felf to the particular Methods. And I know of no 
Work that has illustrated and exemplified the ge- 
neral and univerfal Rules in fo copious a Manner, 
#S will be found in the following Sheets. 

In the Arithmetical Operations, the Decimal 
Fractions are continued to two Places only, thefe 
being fufficient to fhew the Reader, that if the 
Queftion admits not of an exa& Anfwer, he is yet 
Hear the Truth, and may profecute the Anfwer to 
^ny required Degree of Exa&nefs. I have avoided 
all tedious Numerical Calculations, as they have no 

Tendency 
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viii ffi PREFACE, 

Tendency to increafe the Learner's Knowledge in 
Algebra. 

The Rules of Vulgar Fractions in Algebra are 
omitted, being generally very perplexing to Learners; 
but as I have given fufficient Directions how they 
are managed whenever they occur in the Solution 
of any Queftion, the Reader will find no Difficulty 
in reducing an Equation with Fractional Quan- 
tities. 

It is neceffary my Reader fhould understand 
Vulgar and Decimal Fractions in common Arith- 
metick, and the Extraction of the Square Root* 
and then I know no Reafon why a Perfon may not 
make himfelf a perfeCt Mailer of the following 
Work, excepting the Geometrical QuefUons, which 
he may omit, and proceed to thofe which require 
no Skill in Geometry; for thro' the whole, where 
it was neceffary, I have given the fame Directions, 
as if I was actually teaching a Scholar, 



THE 
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S all Arts have their Beginning, rude and 

weak, and reach Perfection by Degrees, fo 

that, which is the Subject of the following 

Sheets, has been cultivated by fo many illu- 

ftrious Men in our own, as well as in foreign Nations, 

that it cannot but appear a natural Introduction to this 

Treatife, if we digeft the Hiftory of its Rife and Pro- 

grefs into a fuccinft Difcourfe; the rather, becaufe 

^ooks of this Sort are now become very numerous in 

ours, as well as in other Languages, and therefore, it is 

the more neceffary to record the Names of fuch as have 

eminently improved fo ufeful a Branch of Knowledge. 

The Word Algebra is certainly derived from the Ara- 
bic, but there have been fome Miftakes as to its Mean- 
ing. When it was firft introduced in Europe, it was un- 
derstood to be the Invention of the famous Philofopher 
Geber\ and therefore Michael Stifelius calls it fometimes 
Regula Algebra, and fometimes Regula Gebri, whence it 
is plain he underftood by it no more than the Rule of 
Geber, or, as we ufually exprefs it, Geber's Rule. But 
when we became better acquainted with Arabic Learning, 
this Derivation appeared ill founded : In that Language, 
this Art is called Al-gjdbr Wal-mokabala, which is lite- 
rally, the Art of Refolution and Equation. Hence it 
is plain, we had the Word Algebra from the Arabic 
Name of the Art, and not from the pretended Inventor. 
But it may not be amifs to obferve, that the Arabic Name 
contains a Definition, or is rather an emphatic Decla- 

k ration 
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* T&e INTRODUCTION. 

ration of the Nature and End of this Science ; for the 
Arabic Verb jdbara fignifies to refet, and is properly 
ufed in refpeft to Diflocations, and the Verb hdbala, im- 
plies oppofing, or comparing , and how applicable this 
is to what we call Algebra, the Reader, when he is 
thoroughly acquainted with this Book, will eafily under- 
Hand. As it became better known to the Europeans, it 
received different Names ; the Italians fliled it Ars magna, 
in their own Language V Arte Magjore, oppofing to it 
common Arithmetick, as the lcflcror minor Art. It was 
alio called Regula Cof<e, the Rule of Cofs, for an odd 
Reafon : The Italians make ufe of the Word Co/a, to 
fignify what we call the Root, and from thence, this 
Kind of Le&rning being derived to us from them, the 
Root, the Square, and the Cube, were called Cojfick Num- 
bers, and this Science the Rule of Cofs. I fhould not 
have dwelt fo long on fo dry a Subjeft, but that it is ab- 
solutely neceffary for the underftanding what follows. 

It is a Point ftill difputed, whether the Invention of 
Algebra ought to be afcribed to the Oriental Philofo- 
phers, or to the Greeks ; but it is a Thing certain, that 
we received it from the Moors, who had it from the 
Arabia?is, who own themfelves indebted for it to the Per- 
fians and Indians •, and yet, which is ftrange enough, the 
Per/tans refer the Invention to the Greeks, and particu- 
larly to Arijlotle. Yet, notwithstanding this, it muft be 
allowed that the Algebra taught us by the Arabians dif- 
fers very much frogi that contained in the Works of 
Diopbantus, the eldefl Greek Author on this Art, which 
is now extant, and which was difcovered and publifhed 
long after the Algebra taught by the Arabians had been 
ftudied and improved in the Weft. But all thefe Dif- 
ficulties, which have given fome great Men fo much. 
Trouble, may be eafily furmounted, if we fuppofc that 
the Invention was originally taken from the Greeks, and 
new modelled by the Arabians, in the fame Manner as 
we know that common Arithmetick was \ for this, which 
is at leaft extremely probable, makes the whole plain and 

clear. 
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Tbt INTRODUCTION. xl 

clear, and leaves us at liberty to purfue th^ Progrefs of 
this Art from the firft printed Treatifes about it. 

Lucas Paciolus, a Francifcan Friar, commonly known 
by the Name of Lucas de Burgo Santti Sepulchri, publifh- 
ed at Venice, under the Title of, A Compleat Treatife of 
Arithmetick and Geometry ', Proportions and Equations, the 
firft Book at prefent extant on this Subject. It was printed 
fo early as 1494, and is a very correct Treatife. He af- 
cribes the Invention of Algebra to the Arabians, ufes 
their Method, and treats very clearly of Quadratic 
Equations. After him, feveral Authors wrote on the 
fame Subje£t in Italy, and in Germany, but ftill the Art 
advanced little 'till the famous Jerom Cardan printed, at 
'Nuremberg in 1545, in Folio, a Treatife with this Title, 
Artis magn<e, five de Regulis Alge braids Liber unus \ and 
foon after a fmaller Piece, with the Title of Sermo de 
Plus & Minus, wherein were contained Rules for refolv- 
ing Cubic Equations, which have fince been called Car- 
dan's Rules, though they were not -invented by him, but, 
as himfelf owns, by Scipio Ferreus of Bononia, and Tar- 
talea. The next celebrated Writer was a French Monk, 
whofe Name was Baeten, better known to the Learned by 
his Latin Appellation of Buteoy he publifhed in 1559 his 
Logiftica> in which there was a Treatife of Algebra which 
gained him great Reputation : Yet his Excellency lay in 
a clear and copious Manner of writing, nor does it ap- 
pear that he added any thing to what had been already 
difcovered, except fome Corrections as to Tanalea\ 
Method of managing Cubic Equations. 

Hitherto nothing was known in Europe of the Greek 
Analyfis, but in 1575 Xilander publifhed Diophantus, or 
at lead a Part of his Works, which are ftill 'remaining; 
and this quickly changed the Face of Things, for it pre- 
fently appeared that his was a nearer and more eafy Me- 
thod, and withal opened a Path to much greater Difco- 
veries, which was the Reafon chat fucceeding Algebraifts 
quitted the Terms made ufe of by Arabic Writers, and 
followed his, The Time in which Diophantus flourifhed 

b 2 is 
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is not thoroughly fettled. VoJJius thinks he lived in the 
fecond Century, but others place him in the fourth. 
His Works were known to the Arabians, and tranflated 
by them ; nay, it is faid, that they have (till thofe feven 
Books of his Arithmetick, which are loft to us. The 
famous Arabian Hiftorian Abul Pharaijus, whofe Works 
were publifhed by the learned Pocock, not only mentions 
him, but afcribes to him the Invention of Algebra ; but 
in this he is to be underftood, as writing according to 
the Lights he had ; for tho* it be true, that Diopbanius 
Alexandrinus is the oldeft Author we have which treats 
exprefsly of the Analytic Art, yet the Footfteps thereof 
are vifible in much older Writers. Tbeo, who is thought 
to have explained the five firft Propofitions of the thir- 
teenth Book of Euclid in the Analytic Way, gives the 
Honour of this Invention to Plato ; and indeed, it feems 
very agreeable to his Genius, and Method of Reafoning 
on Mathematical Subjects. By the Junction of both 
Lights, and a proper Connection of the Arabic Method 
of lnveftigation with the Greek Terms, which were fhorter 
and eafier, Algebra quickly became a much more ufeful, 
as well as confiderable Science, than it was before. 

In our own Country, the firft Writer upon Algebra 
that we know of was Dr. Robert Record, a Phyfician, 
who diftinguifhed himfelf in the Reign of Queen Mary, 
by his Skill in the Mathematicks. He firft publifhed a 
Treatifc of Arithmetick, which continued the Standard 
in that Branch of Knowledge for many Years, and in 
1557 he fent abroad a fecond Part, under the Title of 
Cos Ingenii, or the Whetjlone of Wit, which is a Treatifc 
of' Algebra ; the Word Cos alluding to Cojfick Numbers, 
or the Rule of Cos, by which Name, as we have before 
fnewn, this Art was known abroad. This Treatife is 
really a great Curiofity, confidering the Time in which 
h was publifhed, and together with his other Works, 
muft give us a high Idea of this Man's Induftry and Ap- 
plication, whofe Memory notwithftanding is almoft buried 
in Oblivion, But, notwithftanding the early Publication 

of 
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*£be INTRODUCTION. xiii 

of this Piece, and that fome Engltfh Gentlemen had in 
their Travels acquired fome Knowledge of this Kind, as 
appears by a Spanijh Treatife of Algebra, publifhed by 
Pedro Nunnez in 1567, yet it continued to be fo little 
cultivated in England, that John Dee, in his Mathema- 
tical Preface prefixed to Sir Henry Billing/ley's Tranflation 
of Euclid, printed at London in 1570, fpeaks of it in 
very high Terms, and as a Myftery fcarce heard of by 
the Studious in the Mathematicks here. It is however 
plain, from fome of his Annotations on Euclid, that he 
was tolerably verfed therein, and was even acquainted with 
the Manner of applying it to Geometry. In 1579 Leo- 
nard Digges, a great Mathematician for thofe Times, 
printed a Treatife of Algebra in his Stratioticos % after 
which it came to be better known and more ftudied, to 
which contributed not a little, the Improvements made 
by the Author I am next to mention. 

Francis Viete, better known by his Latin Name of 
Francifcus Vieta, was a Native of Poitou, in France, and 
Mafter of Requefts to Qiieen Margaret, firft Wife to 
King Henry IV. His Affedtion to the Mathematicks, and 
efpecially to this Part of it, was fo ftrong, that he fre- 
quently paired three whole Days and Nights in his Study 
without eating, drinking, or deeping, except a Nod now 
and then upon his Elbow *. He, about the Year 1590, 
publifhed a Treatife of Algebra in quite a new Method] 
and by a judicious Mixture of the Greek and Arabian 
Rules, with fome Improvements of his own, introduced 
that Mode of Calculation which is ftill in Ufe, under the 
Title of Specious Arithmetick. Before his Time, only 
unknown Quantities were marked by Letters, but fuch 
as were known were fet down in Figures according to 
the ufual Notation : He made ufe of Letters for both 
only with this Diftinftion, that the known Quantities he 
reprefented by Confonants, and the unknown by Vowels 
By this Contrivance he greatly extended the Science, and 
which was more, Ihewed its Capacity of being farther 
extended, For, whereas former Aigebraifts had'eonfined 

* Tbmn, Hift. A, D. 1603. tllCir 
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their Irtveftigations to the particular Queftions proposed 
to them, he by this Means produced Theorems capable 
o£ refolving all Demands of a like Nature, inftead of 
particular Solutions. The learned Dr. Wailis has ac- 
counted very clearly for the new Title which Vieta gave 
to his Algebra. The Romans had a Method of ftating 
Law Queftions under general Names, fuch as Titus and 
Sempronius, Caius and Mevius, whence we derive our 
Way of tiling A, B, C, D, on fuch Occafions, which 
Method of ftating the Civilians ftile Species, in Oppo- 
fition to the ftating of real Cafes by true Names. Vieta 
having made a Change of the fame Nature in Algebra, 
and being, as we obferved before, a Lawyer by Profeffion, 
he borrowed from that Science this Title of his new In- 
vention, which was received with univerfal Applaufe. 
We have likewife many of his Works, under the Name 
of Apollonius Gallus, which he affumed on Account of 
his fir ft attempting to reftore the Works of Apollonius 
Pergctus. His Genius was fo extenfive, and his Pene- 
tration fo great, that it enabled him to apply his Mathe^ 
matical Knowledge to moil Subje&s ; of which we have 
a particular Inftance, in his decyphering the Letters 
which pafled between the Court of Spain, and the Fac- 
tion of the League in France, notwithftanding above 
five hundred different Chara&ers were made ufe of in 
them. About the fame Time flourifhed Raphael Bom- 
belli, an Italian, who publifhed at Florence a Treatife of 
Algebra, wherein he firft taught how to reduce a biqua- 
dratic Equation to two Quadratics, by the Help of a 
Cubic. 

Our own Countryman, Mr. William Oughtred, was the 
next great Improver of Algebra. Building, however, on 
what Vieta had already performed. He introduced fuch a 
Concifenefs, and withal fo plain and perfpicuous a Me- 
thod of inveftigating Geometrical Problems, as acquired 
him immortal Reputation; His Clavis Mathematics, or 
Key of the Mathematicks, was firft publifhed in 1631, and is 
perhaps theclofeft and moft compendious Syftem hitherto 

extant. 
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extant. In this Work he contented himfelf with the Solu- 
tion of quadratic Equations, referving thofe of higher 
Powers for another Work, which was his Exegejis Nuine- 
rofa, which in later Editions is joined to his Clavis. In 
both Pieces there were abundance of Additions and Im- 
provements, and the Doftrine of Proportions more fully 
and clearly ftated than hitherto it had been ; but the 
greateft Excellency in Mr. Ougbtred's Book, was his Ap- 
plication of the Analytic Method to Geometry, which 
he did in a Variety of Cafes, and enabled his Difciples to 
proceed ftill farther than himfelf had done. By Profeffion 
he was a Clergyman, and Re6lor of Albury in Surry 9 
where he gave himfelf up entirely to his Studies, and to 
the Converfation of a very few Friends ; he lived to the 
Age of Fourfcore and Seven, and died then of Joy, on 
May i, 1660, at hearing the Houfe of Commons had 
voted the King's Return. Some have cenfured his 
Clavis as too fhort and obfeure, and fo indeed it might 
prove for fuch as were altogether unacquainted with thefe 
Studies, for whofe Ufe it is plain enough he never de- 
figned it ; but where Perfons are acquainted with the 
Elements of Geometry and Algebra, and have that Saga- 
city and Attention which is neceflary to make any con- 
fiderable Progrefs in this -Sort of Learning, Mr. Ougbtred** 
Key will be ftill found a very ufefui Book, and its Style 
the moft perfeft in its Kind that has ever been ufed. 

Contemporary with him was Mr. Thomas Harriot, an 
excellent Mathematician, and who made ftill greater Im- 
provements in this Science. He is placed after Oughtrtd^ 
tho* he died long before him, becaufe his Book was not 
publifhed till fome Time after the firft Edition oiOughtred\ 
Clavis. It was then printed in a thin Folio by the Care 
of Mr. Walter Warner, under the Title of Artis Analytic* 
Praxis ad Mquationes Algebraicas nova, expeditd, & ge- 
tier alt Methodo, refolvendas^ Trattatus pofihamus, &c. i.e. 
A Treatife of thq Analytic Art, containing a new, ex- 
peditious, and general Method of refolving Equations, 
a pofthumous Traft, by the late learned Mr. Thomas Har- 
riot* 
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riot. The Publifher, Mr, Warner, prefixed a Preface of 
his own, containing a very judicious, tho* very concife, 
Reprefentation of the feveral Parts of Algebra, their 
Nature and Dependance on each other, the Extent and 
Ufefulnefs of this Art, and the Progrefs thereof to that 
Time. In Mr. Harriot's Book, Algebra takes a new 
Form, and from him alone it met with more Improve- 
ment than from all who had ftudied, or at leaft all who 
had written upon it, before him. He was indeed one 
of the greateft Men this Nation ever produced, and 
great Pity it was, that this Work of his did not appear, 
in his Life-time, or that his other Pieces, which were of 
infinite Value, fhould be buried in Oblivion. The true 
Caufe of the former feems to have been his Courfe of 
Life ; he was a Dependant on the Earl of Northumberland 
and Sir Walter Rakigb, and afterwards upon Sir Thomas 
Aylejbury> to whom, if I am rightly informed, he left 
many of his Writings, and, as I hinted, the Reafon of 
his not publifhing them in his Life-time, feems to have 
been his Deference for his Benefaftors. Happy had it 
been, if the reft of the Mathematical Works he left had 
been fent abroad (as in his Preface he feemed to promife 
they fhould) by the intelligent Editor of this excellent 
Work. 

It is divided into two Parts ; and the Author begins his 
Improvements by removing every thing that was ufe- 
lefs, fuperfluous, or inelegant in former Methods ; thus 
inftead of Capitals, he introduced fmall Letters -, inftead 
of the Terms, Squares, Cubes, Surfolids, (£c. and their 
Contractions, he brought in the Powers themfelves, 
which made the Operations much moreeafy, natural, and 
perfpicuous than they were before. Having thus efta- 
blifbed a plain and accurate Notation, h$ proceeds to a 
Multitude of new Difcoveries, of which, to the Number 
of twenty-three, the Reader may find a full, diftintt, and 
very judicious Account, in the celebrated Treatife of Dr. 
Wallh. From this admirable Piece of Mr. Harriot' s y 
Da Cartes took all the Improvements he pretended to 
i make, 
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make, as the Doftor juftly obferves, and of which I fhaJI 
furnifh the Reader with fome concife, and I think con- 
clufive Proofs. Firft, It appears from all the Accounts 
we have of the Life of Des Cartes, that he was here in 
England when Harriott Book was publifhed, which be- 
ing written in Latin, in a Branch of Learning about 
which that great Man was then very fedulous, it is eafy 
to conceive that he was one of its mod early Perufers ; 
Secondly, It is certain that he did not publifh any thing on 
this Subjed before that Year ; 'Thirdly, His Treatiie of 
Geometry, wherein thefe new Improvements firft ap- 
peared, was printed in French in 1637 without his Name, 
which in all Probability was to try what Opinion the 
World would have of them, and whether any of the 
French Mathematicians could difcern whence they were 
taken ; Fourthly, Though he fuffered the two firft Parts 
of his Book to be publifhed in Latin, with his Name, in 
1644; yet the third Part, relating to Geometry, did not 
appear till 1649, when it was publiihed by Francis Van 
Schooten. Thefe are probable Reafons only, but then, 
Fifthly, He follows Harriot diftinftly in Nineteen feveral 
Difcoveries ; which that they fhould be made in the fame 
Method and Manner, (except a few Miftakes) without 
confulting Mr. Harriot, is altogether incredible, and was 
fo held to be even by his own Countrymen, when>- 
thro' the Information of the Honourable Mr. Cavendijh, 
they were made acquainted with Mr. Harriot's Book ; 
Sixthly, There are fome little Changes, particularly in the 
Marks made ufe of by Des Cartes, and which were never 
followed by any body, that plainly intimate he only 
introduced them, in order to difguife his Method > 
Seventhly, It appears that Des Cartes himfeJf was ac- 
quainted with the Charge brought againft him upon this 
Head, and yet he never thought fie to juftify himfelf, 
nor did ever fo much as declare that he had not kca 
the Book he was faid to have copied. On the whole there- 
fore, there is all the Reafon in the World to believe, that 
the Honour due to the great Improvement of this Science, 

e which 
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which fitted it for all that it has received fince, from 
Foreigners or Englijhmen, belongs to our Author Harriot, 
and not to Des Cartes, who only accommodated thefe 
Difcoveries to Geometrical Subjects. 

After him Dr. John Pell, who was Refident for the 
Commonwealth of England in Switzerland, publifhed fome 
new Difcoveries. The Method he took of doing it was 
this, he recommended to Mr. Thomas Brancker a Treatife 
of Algebra written in the German Language by Rhonius, 
which when he had tranfiated, the Doftor revifed, altered 
and added to it. In this Piece there are a great many 
curious Things relating efpecially to Diophantine Algebra, 
but delivered very obfcurely, infomuch, that the learned 
Dr. Wallis feems to be in doubt, whether himfelf had 
reached Dr. Pell's true Meaning. Yet, to this Gentleman, 
who wrote in fo perplexed a Way, we ftand indebted for 
the Invention of the Regifter -, a Method of great Ufe, 
efpecially to Beginners, the Pra&ice of which was what 
chiefly recommended Kerfefs Algebra, and which is con- 
flantly and judicioufly preferved throughout the follow- 
ing Treatife. It is very likely, that the Darknefs com- 
plained of in Dr. Pell's Writings might be owing to 
his Circumftances as well as Temper for he was a very 
bad GEconomift, not through any Vice or Extravagancy, 
but by a Negled of his private Affairs, and fpending all 
his Time in Study. 

As for the Rules of John Van Hudde, Mr. Merry, 
Erafmns Bartholine, Mr. Hugens, and others, I do not 
take Notice of them, becaufe in reality they are no more 
than Improvements on, or Deductions from, Harriot. 
The fame Thing may be faid of what has been written by 
Meff. Farmat, de Billy, Pemicle, and other French Mathe- 
maticians, who only propofed Problems for other People 
to refolve, and referved their own Methods of Solution 
as impenetrable Secrets : A Pradtice, which, however it 
mi°ht intitle them to the Admiration of the Age in which 
they lived, can give them no juft Claim to the Praife of 
Poftcrity - 7 fince if we reap any Benefit from their Difco- 
veries, 
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varies, it is indire&ly, and in a Manner againil their 
Intentions. 

Dr. Wallis himfelf has alfo made fome very confiderable 
Improvements in this Science, efpecialJy in refpeft to im- 
poffibJe Roots in fuperior Equations; and what he left un- 
perfe6led has been fupplied by the ingenious Mr. Abraham 
De Meivre, whofe accurate Performance on that Subject 
has been lately publifhed, in the Algebra of Dr. Saunderfon. 
In 1 655 Dr. Wallis publifhed his Arithmetica lnfimtorum* 
in which he fquared a Series of Curves, and {hewed that 
if this Series could be interpolated in the middle Spaces, 
the Interpolation would give the Quadrature of the Circle. 
This Treatife fell into the Hands of the ingenious Sir Ifaac 
then Mr. Newton* in the Year 1664, when that Gentle- 
man was about Two and Twenty *, and he by a Sagacity 
peculiar to himfelf, and which can never be enough ad- 
mired, derived from this Hint his celebrated Method of 
Infinite or Converging Series, In 1665, he computed 
the Area of the Hyperbola by this Series to Fifty-two 
Figures, which having communicated to Dr. Barrow, he 
prevented Mr. Nicholas Mercator's running away with the 
Reputation of this Difcovery, who in- 1668 publifhed the 
Quadrature of the Hyperbola by an infinite Series. This 
was received with univerfal Applaufe, and yet Mr. New- 
ton far exceeded him ; fince, without flopping at the Hy- 
perbola, he extended this Method by general Forms to 
all Sorts of Curves, even fuch as are Mechanical, to their 
Quadratures, Re£tificatior«s, and Centers of Gravity, to 
the Solids formed by their Rotations, and to the Super- 
ficies of thofe Solids , fo that fuppofing their Determina- 
tions to be poffible, this Series flopped at a certain Point, 
or at leafl their Sums were given by flated Rules. But if 
the abiblute Determinations were impofiible, they could 
yet be infinitely approximated, as he likewife fhewed, 
and which, as a French Writer juftly obferves, is the hap- 
pieft and moft refined Contrivance for fupplying the De- 
feds of human Knowledge, that Man's Imagination could 
poflibly invent. It is alfo certain, that he attained his 

c z Invention 
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Invention of Fluxions by that Time he was Four and 
Twenty, but his Modefty was fo great, that he forbore to 
publifh his Pifcovery, which was the fole Reafon that the 
Honour of it was ever difputed with him. 

•In 1707, he firft publifhed a Syftem of Algebra under 
the Title of Univerfal Arithmetic^ and in 1722 gave 
another Edition of it, wherein are contained all his Im- 
provements in that Art, 

From the Rules by him laid down, ftill farther Lights 
were ftruck out by fucceeding Mathematicians, fuch as 
Dr. Edmund Halley, who publifhed in the Philofophical 
Tr -anj aftions , a Method of finding the Roots, of Equations 
without any previous Reduftion, and the Conftrudtion of 
Equations of the 3d and 4th Power, by the Help of a 
Circle and Parabola. Mr. J. Colfon^ who obliged the 
learned World with a univerfal Refolution, Geometrical 
and Mechanical, of Cubic and Biquadratic Equations. 
JVIr. Colin Mac Lattrin^ in his Treatife of impofiible Roots, 
and many others too long to be enumerated here. 

But after all thefe Difcoveries and Improvements, there 
has ftill been a genera] Complaint, that hitherto we have 
had no Book of Algebra plain enough to inftruft fuch as 
$re inclined to ftudy this Science without farther Aflift- 
ance, or who live in Places where it is not to be had. To 
obviate this Objection, the following Treatife was drawn 
up, which will be found to contain a clear and copious 
^yftem of Algebra, delivered in fo eafy and natural a 
Method, and with fuch Perfpicuity and Condefcenfion to 
the Feeblenefs of the Underftanding, when firft applied 
to this kind of Study, that I felicitate myfelf on having, 
prevailed upon its Author to make it publick, as I am 
perfuaded it will be of general Ufe, in preventing young 
People from being difcouraged at their firft Entrance into 
Algebra, which has hitherto hindered Numbers fron^ 
cultivating their Inclinations to the Mathematicks. 
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AV-ING given the Reader an Hiftorical Account of 

this Science in the Introduction, we ate now to explain 

the Signs and Characters ufed by Analytic Writers, and 

mention thofe Axioms or Self-evident Principles of Truth and 

Certainty, which are the Foundations of this celebrated Science. 



Sions. Names. 



+h 



Plus 



or more. 



Significations. 

The Sign of Addition ; as 8 + 4? 1S 8 is 
to be added to 4, and m -f- n fignifies the 
Number reprefented by 772, is to be added 
to the Number reprefented by n ; again, 

* 2+3-1-5, fignifies they are all to be added 
into one Sum, and b-\-m-\- <r/ fignifies that 
the Numbers reprefented by b> m y and d 

^are to be added into one Sum. 



*— I 1 Minus or lefs. *{ 



The Sign of SubftraBion\ as 5 — 2, is 
5 lefs by 2, or 2 is to be fubflradted from 
5, and a — b is a lefs £, or the Number 
reprefented by b is to be fubftracled from 
the Number reprefented by a ; and 9 — 2 
— 3, is that from 9 there is to be fub- 
ftra&ed 2, and from the Remainder 3 is 
^to be fubfu-acted. 



f The Sign of Multi-plication ; as 5 X 7, is 

15 is to be multiplied by 7, and 6 x ^, is 
the Number reprefented by #, is to be 
X f ] Into or with. \ multiplied by the Number reprefented by 
j b , and 7x3x2, is that 7, 3, and 2, are 
J to be multiplied together, which Product 
Lis 42. 



s 



B 
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Involution. < 



ALGEBRA. 

The Sign of Divifion ; as 8 -r- 4, that is 

8 is to be divided by 4, and x-~y, that 

is, the Number reprefented by #, is to be 

divided by the Number reprefented by;'; 

or fometimes they are placed like Vulgar 

j 8 * 

> Fractions thus —, that is, 8 is to be di-* 

4 
vided by 4, and _, that is, the Nutn- 

y 

ber reprefented by x y .is to be divided by 
l^the Number reprefented by y. 

The Sign of Equality or Equation ; thus 

9 r= 9, that is, 9 is equal to 9 j and 2+3 
= 5, that is, 2 added to 3,' is equal to 5 ; 
Again, 7n = n- J r y :) tha.tis, the Number 
reprefented by m is equal to the Number 
reprefented by n y added to the Number 
reprefen ted by y ; and y — x=z a -f- b, that ' 
is, the Number reprefented by y being 
leflened by the Number reprefented by x 3 
the Remainder is equal to the Number 
reprefented by a> added to the^Number 

..reprefented by b. 

The Sign of Proportion, or what is 
commonly called the Rule of Three, and 
is placed between the two middle Num- 
ber thus, 3 ": 5 : : 6 : 1 0, that is,' as 3 is to 
<( 5, fo is 6 to 10 ; and a \b : : c : d> that is 
as the Number reprefented by aAs to the 
Numberjreprefented by Z>, fo is the Num- 
ber reprefented by c to the Number re- 
prefented by d. 

The Sign of Involution, or raifing any 
Number or Quantity to the Square ^ Cube, 
or any other Power; and theHeighth of the 
Involution is generally exprefled'by the 
Number after the Sign thus,- 7 ©- 2, js 7 
is to be involved to the Square or fecond 
Power ; and 7 ©- 3, is 7 is to be involved 
or raifed to the Cube or third Power ; and 
a©- 2, is ^ is to be involved to the Square 
_or fecond Power. 

■ • . The 
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} { *° 



lution. 



s/ 



H 



Irrationality, 
or a Surd <( 
Root. 



f The Sign of Evolution, or the extract- 
ing of Roots ; and the Root that is taken 
is like wife expreffed by the Figure that 
follows the Sign, thus o,wj2, is the Square 

J Root of 9 is to be extracted, and 27 vn 3, 
is the Cube Root of 27 is to be extracted, 
and aavjj 2, is the Square Root of a a is . 

[_to be extracted. 

f The Sign of Irrationality, or of a Surd 
Root ; that is, the Number or Quantity 
has not fuch a Root as is required to be 
extracted ; thus the Square Root of 2 
will be exprefled thus ^/ 2, and the 
Square Root of 5 thus ^5, and the Cube 

3 
Root of 4 thus y/ 4, the little Figure 
Handing over the Sign being 3, fhews it to 

3 
be the Cube Root; again, ^/ 15 is the 
Cube Root of 15, and where there is no 

t fuch Figure over the Sign, it fignifies the 

(^Square Root only. 



Now before we go farther, it will be neceffary to inform the 
Reader, that where any Number is joined to a Quantity, it 
fhews how many Times that Quantity is taken ; thus, 4 a is 
four times a y or the Number reprefented by a is to be taken 
four times ; and 7 m is feven times m, and \( y was to be taken l 
J even times, it may be expieiTed thus 7 y. 

Thefe Numbers are called Co- efficients, or Felloiu- Faffors, 23 
they multiply the Quantity ; and if any Quantity is without a 
Co-efficient, then it is always implied that Unity, or 1, is th^ 
Coefficient of that Quantity ; thus a is the fame as 1 /?, and y 
the fame as \y , for when the Co-efficient is only Unity, or 1, 
it is generally omitted. 

Quantities that are expreffed or reprefented by (ingle Letters, 
or feveral joined together like a Woid, as a, b, ab, an z, 7 y z y 
are called fimple or iingle Quantities, 



But when thefe are connected by the Signs-]- or — , as a 
urn — d, dn -|~rts, they are called compound Quantities. 



And fometimes Quantities are fet down in the Manner of 



Vulgar Fractions, thus, -, 
b 



aA-b 



m 



n 
B 



-ty 



The 
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The Sign that connects the Quantities belongs to that which 
follows the Sign, thus, a -f- b, where the Sign -f- belongs to the 
Quantity b -, again, a — c -\- d^ the Sign — belongs to the 
Quantity c± and, the Sign -f- to the Quantity d. 

As to thofe fingle Quantities which have no Sign before them, 
it is always underftood they have the Sign -f- ; thus a is the fame 
as -f- tf, and m is the fame as -|- m > ar >d therefore if fingle 
Quantities are to have the Sign -{-, it is commonly omitted, as 
they are ufually fet down without any Sign ; but the Sign — is 
never omitted, but always placed before the Quantity to which 
r it belongs. 

And in Compound Quantities, if the firft or leading Quantity 
has no Sign, then it is always underftood to have the Sign -{-> 
thus, a -f- b is the fame as -\- a-\- b, and a — b is the fame as 
j^ a — > b ; therefore in Compound Quantities, if the firft or 
leading Quantity is to have the Sign -J-, it is generally omitted $ 
but in thefe Compound Quantities, as well as in Simple Quan- 
tities, the Sign > — is never omitted, but always placed before the 
Quantity to which it belongs. 

Letters fet or joined together like a Word fignifies the Pro- 
duct or Rectangle of thefe Letters, thus, a b is the Product 
of a multiplied by £, and d n y is the Product of d 3 n 9 and y > 
multiplied together. 

The Operations in Algebra are founded on thefe Axioms. 

AXIOM 1. 

If equal Quantities are added to equal Quantities, the Sum 
of thefe Quantities will be equal. 

A X I M 2. 

If equal Quantities are taken or fubftra£ted from equal Quan- 
tities, the Quantities remaining will be equal. 

AXIOM 3. 

If equal Quantities are multiplied by equal Quantities, their 
Products will be equal. 

A X I M 
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AXIOM 4. 

If equal Quantities are divided by equal Quantities, their 
Quotients will be equal. 

AXIOM 5. 

If there are feveral Quantities that are equal to one and the 
fame Thing, thofe Quantities are equal one to another. 

The Reader having premifed thefe Things, and undei Handing 
what the Signs are intended to exprefs, he may proceed to the 
Rules of the Science ; and if at firft he meets with fome little 
Difficulties- about the Signs and Co-efficients, I would recom- 
mend him to read the foregoing Pages again ; and if that and 
another EfTay or two does not remove the Difficulties of any 
particular Example, then to omit that and proceed to the next, 
in which perhaps he may fucceed, and that may caufe the Diffi- 
culty in the other to vanifh. 



A D D I T I O 

hi which there are three Cafes. 

(i.JC^i.IlfHEN the Quantities are alike, and their 
\ y Signs are both affirmative, or both negative, 
add the Co-efficients or prefixt Numbers together, and to their 
Sum join the Quantities, prefixing to them the Sign they have 
in the Example, 

Exam. 1. Exam. 2. Exam. 3. Exam. 4. 

5 m ' — 4 y — 2 s 

2 m — 3 y — 6 'z 

7 m — 7 y — ~$fs 

Exam. 1. The Co-efficients are 2 and 3, which added toge- 
ther make 5, to which jo ning a the Quantity, it is 5 d > and no 

Siiin 



To 


2 a 


Add 
Sum 


5« 
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Sign being prefixt to either 2 a or 3 a, the affirmative Slo;n is 
underftood as prefixt to both \ hence 5 £7, or -[- 5 <a is the Sum 
required. 

Exam, 2. The Co-efficients are 5 and 2, which being added 
make 7, to which joining m, it is 7 w, the Sum required $ for 
the Signs of 5 z» and 2 ?tf are both affirmative^ by what was faid 
in the laft Example. 

Exam, 3. The Co-efficients are 4 and 3, which being added 
make 7, to which joining y it becomes 7 j ; but as 4^ and 3^ 
have both the Sign — before them, therefore prefix the Sign—- 
to y y, and then — y y is the Sum required. 

Exam. 4. The Co-efficients are 2 and 6, which added make 
8, to which joining z, it becomes 8 z, and prefixing the Sign — * 
for the Reafon in the laft Example, we have — 8 z, the Sum 
required* 



Exam, 5. 

To 1 5 my 

Add 7 my 

Sum 22. my 



Exam. 6. 

— 14^7 z x 

— 2 azx 

— 16 azx 



Exam. 7. 
J^ady 

3 ar h 

7 a dy 



Exam. 8; 

— 16 y md 

— 1 2 y m d 

— iSymd 



Exam. 5. The Sum of the Co-efficients 15 and 7 is 22, to* 
which joining my, it is 22 my, the Sum required ; for 15 m y and 
7 my have both the affirmative Sign, there being no Sign 
prefixt. 

Exam. 6. The Sum of the Co-efficients 14 and 2 is 16, to 
which joining azx, it is 16 a % x, to which prefixing the Sign 
— , as both the Quantities to be added have that Sign, then is 
— 16 a z x the Sum required. 

Exam. 7. The Sum of the Co-efficients 4 and 3 is 7, to which 
joining a d y, it is jady, and both the Quantities having the 
affirmative Sign, therefore 7 a dy is the Sum required. 

Exam. 8. The Sum of the Co-efficients 16 and 32 is 28, to 
which joining y ?n d^ it is 28 y m d, to which prefixing the Sign 
— , as both the Quantities to be added have that Sign, then is 
~ r 2 8 y m d the Sum required. 



To 

Add 

Sum 



Exam. 9* Exam. 10. Exam. ;i. Exam. 12. 



2 my 

3 m y 

5 my 



1 an 
Ian 

3 an 



21 dy 

dy 

22. dy 



— da 

— d a 

*2da 



ExdrH. 



Hosted by G00gk 



ADDITION. 7 

Exam. ii. The Co-efRcients are 21 and i, for there being 
no Co-efficient prefixt to Ay, Unity, or j, is always underftood 
in fuch Cafes to be the Co-efficient; hence the Sum is 22 dy. 

Exam. 12. There being no Co-efficient prefixt to either of 
the Quantities, Unity, or i, is the Co-efficient to each ; and 1 
being added to 1 makes 2, to which joining da, it is 2 da, to 
which prefixing the n^aiivc oign 5 we have — 2 da, the Sum 
required. 

' (2.) If there are two or more Quantities connected by the 
Signs ~j- or — , and are alike to two or more Quantities con- 
nected by the Sighs -j- or — , they are added as in the former 
Examples, only taking due Care that the Quantities which com- 
pofe their Sum are connected with their proper Signs, according 
to the Rule, as in the following Examples. 





lixam. 13, 


To 


2 a ~|- 7 b 


Add 


.■3 a .+ 2b 


v oum 


-$a + <)b 



Exam. 14. 


Exam. 15. 


6 m a -{- S y 

2 m a -^- ^y 


Zima \- 2.y A 
2 ma -j- 3 v // 


*& m a -\-% y 


ZJ-?na -j~ $y d 



Exam. 13. Is 2 <? -}- 7 Z> to be added to 3 a -j- 2 £. The 
Quantities .being difpofed as in the Example, it follows from 
former Examples that 2 a being added to 3 a makes 5 #, and 7 3 
added to 2 £ makes cj£; but as 7 £ and 2 £ have both the affir- 
mative Sign, to 5 conned 9 £ with the Sign -f ; herv;e 
5 <? -f- 9 £ is the Sum required. 

Exam, 14. j.s 6 w ^ + 5 jf to be added to 2 ;« # -f. 3 y. Now 
by the former Examples 6 ;?? a being added to 2 ma is 8 w ^ and 
5y_being added to $y h 3 y 5 but as $y and 3;/ have both the 
<ijjirr,iativ>: Sign, to 8 in a conneel: 8 v with the Sign -j- j fo will 
8 m.a -j- 8 y be the Sum required. 

£aw/?. 15. Is 21 ;;? <? -|- 2 JV ^ to be added to 3 m a -f- 3 jy </. 
Now hy the former Examples 21 w a being added to 3 ma, the 
Sum is 2. j ma ; and 2y d being added fo 3^ the Sum is 5^. 
But as 2yd and 3;','/ have both the affirmative Sign, therefore 
connecting 24 ma wvd 5 yd with the Sign -j-, we have 24^5 
~i~ 5 J' ^'4 the Sum lequiied. 

. £a'^;;j. 16. Exam. 17. £,vo. 18. 

T° *~* 7 * 7 - 7 — i 5 m 9 ^ * — 14 ; - d — 2 m n + i$yA 
Add ~.'} l ' !a ~~ 4 - m 1 ma ~ Z nd —4.mn -f 4 y J 
Sum — 9 J a ~~ i 9 ,v/ 1 2 //; « — j 7 » i ZTo^T^. I9 fj 

Exam* 
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Exam. 1 6. Is — 7 da — 15 m to be added to — 2 da — 4 #t„ 
Now 7 </# added to 2 i tf is 9 da ; but as both thefe Quantities 
have the Sign — , prefix the negative Sign to 9 d a y and then it 
is — -9 da. Again, 15 w added to 4 w is 19 wz ; and both thefe 
Quantities having likewife the negative Sign, prefix it to 19 m ; 
whence the Sum required is — 9 da — 1 9 m. 

Exam, J 7. Is 9 m a - — 14 tz d to be added to ^ma — 3 n d. 
Now 9 wtf added to 3 m #, is 12m a; and both thefe Quantities 
having the Sign -f-> place down 12 ma as in the Example: 
Then 14 ;z Padded to 3*2 ^, is 17 nd> but both thefe Quantities 
having the Sign — , place the Sign — before lj n d> and the 
Sum required is 1 2 m a — 1 7 n d. 

Exam. 18. Is — 2 m n + I5jy ito be added to — 4 ?nn ~f- 4y <£ 
Now 2 ?n n added to 4 m n> is 6 m n; but both thefe Quantities 
having the negative Sign, prefix the Sign — to 6 m «, and then 
ft is — 6 mn. And 15 y ^ added to ^.y d> is 19 y d ; and both 
thefe Quantities having the affirmative Sign, prefix the Sign -f> 
to 19yd -, hence the Sum is — 6 m n -\- 19 y d. 

Exam, 19* Exam. 20. Exam. 21. 

To (jy^ — 7# 14. yd-\- 15 a — 14^+ ^ 

Add 2 yd— a 2 ?^ + f "~ " ^ + ^ 

Sum TTyT— 8# 16yd + 160 — I5y + 2d 

Exam. 19. When you come to add • — y a to — #, there 
being no Co- efficient prefixt to a, Unity, or 1, is always in fuch 
Cafes the Co-efficient ; and tVn by what has been already taught, 
, 7 a being added to — £, the Sum is — 8 a> as in the Example. 

Exam. 20. And when ijtf, is to be added to a, the Sum is 
for the fame Reafon 16 a. 

Exam. 21. And — 14. y being added to — y, the Sum is — 157, 
and d beino" added to */, for the fame Reafon the Sum is 2^ or 
+ 2i 

(3-) Cafe 2. When the Quantities are alike, but the Signs 
are one affirmative, and the other negative, fubftracT: the lefTer 
Co-efficient from the greater, to the Remainder join the Quan- 
tity, and prefix to it the Sign of the greateft Co efficient. 

It is of no Signification whether the Quantity that has the 
greateft Co-efficient (lands above or below. 

2 

Exam, 
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Exam. r. 


Exam. 2. 


Exam. 3. 


Exam. 4, 


To 5 a 


l6 Ttf 


21 tf^ 


14 7tc 2: 


Add — 2 a 


— 12 ?n 


■ — 7 # ^/ 


— 5^2: 



gum 30 4#z j 4 # </ 9^2: 

Exam. r. The Co-efficient 2 fubftraSed from 5 Jeaves 3, 
■to which joining a it is 3 a> but the Sign of 5 the greateft 
Co-efficient is affirmative , therefore 3 # or -|- 3 # is the Sum 
required. 

Exam. 1. The Co-efficient 12 fubftra&ed from 16 leaves 
4, to which joining; m it is 4. m, but the Sign of 1 6 tks greateft 
Co- efficient is affirmative , therefore 4 jot or -j- 4 #* * 6 *he Suna 
required. 

jE'^w. 3. The Co-eiHcient 7 fubflra&ed from 21 leaves 
14, to which joining ad it is 14 # ^, hut the Sign of 21 the 
greateft Co-efficient is affirmative^ hence i4^ior -|- 14 W is the 
Sum required. 

Exam. 4. The Co-efficient 5 fubftra&ed from 14 leaves 
9, to which joining m z it is 9 wz 2s, but the Sign of 14 the 
greateft Co-efficient is affirmative P hence 9 m z or -f" 9 m z is the 
Sum required,. 

JLvtf/tf. 5, Exam. 6. Exam. 7. Exam. ft. 

To — 14 ra . — 9 j 52; 9 # 72: 

Add 7^2 2y — 92; — 140. m 

Sum — 7 //1 — j y . — 42; — 5 a ># 

Exam. 5. The Co-efficient 7 fubftracled from 14 leaver 
7, to which joinings it >is 7 ;/;, but the Sign of 14 the greateft 
Co-efficient being — , prefix tbat j$i»p to 7 m 9 then i$-*-jm the 
Sum required. 

Exam. 6. The Co- efficient 2 fubftra&ed from 9, there 
remains 7, to which joining y -it is 7 y, but the Sign of 9 the 
grea tell Co- efficient being -,—, prefix that Sig-n 107^, and we 
have — 7)', the Sum required. 

Exam, j. The Co-efficient 5 fubftra&ed from 9 leaves 
4, to which joining z it is 4%, but (he Sign of 9 the greateft 
(Jo-efficient being negative, prefix the Sisn — to 42;, and we 
feave — 455, the Sum, required. 



£a», 



'/ft. 
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Exam, 8. The Co-efficient 9 fubftra£red fiom 14 leaves 
5, to which joining am It is 5 a m, but the Sign of 14 the great- 
eft Co-efficient being negative, prefix the Sign — to 5 am> and 
we have — 5 am 7 the Sum required. 

Exam. 9. Exam. 10. Exam. 11. Exam. 12. 

To 7 # tfi — 8 # <i 1 — l^ym — £2 y 

Add — tf?7z 9<7tff ib y ?n 7 a J 

Sum 6 tf m ad lym bay 

Exam. 9. The Co-efficient of — am being Unity, or 1, 
which fubftracled from 7 leaves 6, to which joining am it is 
6 am, prefixing to it the Sign of 7, the greateft Co-efficient, 
we have b a m or -\- b a m the Sum required. 

Exam* 10. The Co-efficient 8 fubftra&ed from 9 leaves 
I, to which joining ad we have 1 a d or a d 9 which having 
already the Sign of 9, the greateft Co-efficient, hence a d is the 
Sum required. 

Exam. 12. The Co-efficient of — ay being Unity > or J, which 
fubftradied from 7 leaves 6, to which joining ay it is 6 #j, 
which having the fame Sign with 7, the greateft Co-efficient, 
6 ay is the Sum required. 

4. And if there are feveral Quantities connected by the different 
Signs of + and — , to be added to feveral Quantities connected 
by the different Signs of -J- and — , the Quantities being alike, 
are added as in the fccond Article, only taking Care to prefix the 
£igns, according to the Directions in the firft and third Articles, 

Exam. 13. Exam. 14. Exam. 15. 

To l4#-f 7 m ~—i$my — \\a% 17 ay -\- % a ?n 

Add — 8a — 2 m Jmy-\-i2az - — % a y — <\ a 



m 



Sum ba-\- \m — 8 ?ny — 2a z i\ay -\- ^am 

Exam. 13, Is 14 a - ] r 7 m to be added to — 8 a — 3 m. Now 
by the Rule at Art. 3. the Difference between the Co- efficients 14 
and 8 is 6, to which joining a it is 6 #, but 14 the greateft Co- 
efficient having the affirmative Sign, hence 6 a is the Sum of 14 a 
added to — 8 a. And the Difference between 7 and 3 the Co- 
efficients of m being 4, to which joining m it is 4 772, but as 7 
the greateft Co-efficient has the affirmative Sign, therefore to 
6# conne&4ffZWUhtheSign-f- 3 fois6tf 4- 4^ the Sum required, 

fixam, 
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Exam. 14. Where — 15m y — 14^2 is to be added to 
7 my-\- 12 a z. Now the Difference between 15 and 7 the two 
Co-efficients of my is 8, to which joining my it is 8 my^ but as 

15 the greater!: Co-efficient hath the negative Sign, therefore pre- 
fix the Sign — to 8 my, and it is — 8 my: And the. Difference 
between 14 and 12 the two Co- efficients of a z being 2, to 
Which joining a z it is 2 a z> but as 14 the greateft Co-efficient 
has the negative Sign, therefore to — -8 my connect 2 a z with the 
Sign — , fo is — 8 my -^-2 a z the Sum required. 

Exam. 15. The Difference between 17 and 3 the two Co- 
efficients of ay is 14, to which joining ay it is 14a y, but as 17 
the greateft Co-efficient has the affirmative Sign, therefore place 
down 14^ j> or + J 4 a y- And the Difference between 8 and 5 
the two Co-efficients of a m is 3, to which joining a m it is 
^am, but as 8 the greateft Co-efficient has the affirmative Sign, 
therefore prefix the Sign -}- to 3 a m> fo is 14 ay -f- 3 a m the 
Sum required. 

Exam. 16. Exam. 17. Exam, 1 8* 

To — 7 a + lb m — I5JV+ 7P yam — 16 y 

Add 'l a — ^m 7 y — 1 1 p — I 1 a m +18/ 

Sum — 4#+ 12;y/ — by — 4p — 4. a m -\~ 2v 

Exam. 16. By Art. 3. the Difference between 7 and 3 the 

two Co-efficients of a is 4, to which joining a it is 4 #, but as 7 
the greateft Co- efficient has the negative Sign, therefore prefix the 
Sion — to 4 #, and it is — 4 a. And the Difference between 

1 6 and 4 the two Co- efficients of m is 12, to which joining m it 
is 12 7/7, but 16 the greateft Co-efficient having the affirmative 
Sign, prefix the Sign -f- to 1 2 tn y fo is — \a -\- 11 m the Sum 
required. 

Exam. 17. By Art. 3. the Difference between 15 and 7 is 8, 
to which joining y it is 8 y, but 15 the greateft Co-efficienC 
having the negative Sign, prefix the Sign — -to 8}', and it is — 8^'. 
And the Difference between 7 and 11 the two Co- efficients of p 
is 4, to which joining^ it is 4^, but as 1 r the greateft Co- 
efficient has the negative Sign, therefore prefix the Sign — to 
4/), and it is — 4/), ibis — 8 v — 4. p the Sum required. 

Exa?n. 18. By Art, 3. the Difference between 7 and 11 Is 4^ 
to which joining a m it is 4 # ;//, but as 11 the greateft Co- 
efficient has the negative Sign, therefore prefix the Sign — to 
4 i/ «j and it is --4 am. And the Difference .between. 16 

C 2 and 



Hosted by G00gk 



iz ALGEBRA, 

and 18 is 2, to which joinings it is 2 y, but as 18 the greateft 
Co-efficient has the affirmative Sign, therefore prefix the Sign -{r 
to 2>', fo is — 4 # ;// -J- 2 j/ the Sum required. 

Exam. 19. Exam; 20. Exam. 21. 

To 14. my — » ?na *"— 5 yd-}- i~ z — *4-dy-\- 5?np 

Add — 3 m y 4- 4. 777 « y </ — 32; <iy — m /> 

Sum i\my-\-yna — ^yd-^izz — J 3 ^.y + 4 ;// / 

Exam. 19. The Co-efficient of — m a is 1, which being by 
Art. 3. fub{tra£ted from 4 leaves 3, to which joining /// <j it is 
3 772 tf, as in the Anfwer, and by the* fame Method in 

Exdm. 20. If — S y d Is added to y d or i^, the Sum is 
+>- ^y d\ and likewife in 

Exam. 21. If — 14 */y is added to dy or 1 */^, the Sum is 
— I3<y. 

5. If the Quantities are alike and the Co-efficients are equal, 
but the Signs are one affirmative, and the other negative, thefe 
being added together deftroy each other, or the Sum of them is 
a Cypher or nothing. 

Exam. 1. Exam. 2. Exam. 3. Exam, 4 

To *]a — 5 y 14 w 5^# 



Add — 7 a _Jl2L — 14 »g — 5 7 * 

Sum 00 00 

Exam. 1. By Art. 3. the Signs being unlike the Co efficients 
are to be fubftra&ed, but 7 taken from 7 leaves o, and if to this 
we join a it is a, or no times a, that is, the Quantity a is to 
i>e taken no times or not at all, which is the fame as nothing: 
So in the fourth Example, if 5 is* fubftra£ted from 5, there 
remains o, or -nothing, to which if we join y a, we then have no 
times y a y or nothing. _ 

(6.) Cafe 3. When the Quantities are unlike, that is, the 
Letters are different, then fet them down one after the other, 
^vith the fame Co-efficients and Signs they have in the Example, 
and this is the Sum required. 

And they may be let in any Order, that is, any Quantity 
may be fet firft, in the middle or laft, it being not material 
how they are ranged, fo as they are but connected with their 
proper Si°ns. 

Exam* 
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Exam. X. Exam. 2. Exam. 3. 

To 2 a 3 m a + d 

Add 3d s a 2 J 

&urn 2*+3<* 3 m + S a a+d+2y 

Exam, 1. The Quantities or Letters being unlike, I place 
down ia % and becaufe 3d has the Sign +, therefore after the 
2 # put + 3 </, fo is 2 a + 3 ^ tne Sum squired. 

Exam. 2. Having put down the 3 m, after that put + S a tne 
other Quantity with its Sign, fo is 3 m + 5 a the Sum required. 

Exam. 3. Having put down a, after that put + d, and afte* 
that + 2 y> fo is # + i + 2_)> the Sum required. 

Exam. 4. £*<37tf. 5- 

To 2 a — j m 2 0+ IS 

Add 3y + q z ^— 7 ^ _ 

Sum 2*— 7 W + 37 + 5 s 2^+15 + 2; — 7^ 

Exam. 4. Begin and place down 2 <z, after that — 7 m, after 
that + 3J, and after that + 52;, fb is 2* — 7^ + 3^+5 2 
the Sum required. 

Exam. 5, Begin and place down 2 a, after that + 15, after 
that + z, and after that — 7 d y fo is 2 a + 15 + z — 7 ^ the 
Sum required. 

^o 7^+15/ ~ 15^ + 74 

* Ad^l — 4 # + w? n $ y — 2 b 

Sum 7/72+157 — 4*? + 7/2/2 — 15^+7^ + ^7 — 2^ 

To 16 +7^ —14m — 157 

Ad d — 2 a — % d a — 7 _ 

Sum 16 + 7 /a; — 2# — 8*/ — 147// — 157 + tf — 7 

Examples wherein all the foregoing Cafes are promifcuoufly ufed. 

Exam. 1. Exam. 2. 

To 7 a — 15^+w — 8tf + 7w — 21 x 

Add 5^4-18^ iitf — 12 m+ 57 

Sum i2tf+ zd-\- m '6 U — 5 W — 2I *-r"5>' 

Exam. 1 . 7 a added to 5 makes 1 2 tf , by Art. 1 . and — J 5 <f 
added to iSd makes 3^, by Art. 3. and there being no Quan- 
tity like m y that muft be placed by itfelf, by Art, 6. and conned- 
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ing thefe Quantities with their proper Signs we have 12 a -f %d 
4- ttz, the Sum required. 

Exam. 2. — 8 a added to II a makes 3 a, by Art. 3. and 
7 m added to — 1 2 rh is — 5 w, by the fame, but 2 1 x and 5 ^ 
being different, place them down one after another as at Art. 6. 
fo is 3 a — 5 ™ — 21 * + 5 jy the Sum required. 

■fr*^. 3- £*tfw. 4. 

To — 15^ _[-- I4;72 — x 6 iitfw — jyd-^mn 

Adcl 7 *— 14-n+ y — 5 am— 2yd — 7 a 

Sum — b a — 1 6 + _y b am —9 yd -\- mn ^ a 

Exam. 3. — 15 a added to 7 a is — 8 *, by Art 3. and 

14. m added to — 14 m is nothing or o, by Art, 5. therefore 

take no Notice of thofe Quantities in the Sum, and 16 and 

y being different Quantities fet them "down by Art. 6. fo is 
>— % a — - 1 6 -f- y the Sum required. 

Exam. 4. 11 am added to — 5 a m is 6 # /tz, by Art. 3. and 

— 7 padded to — lydis — qyd, by Art. 1. But m n and 

— 7 # being different Quantities fet them down by Art. 6, and 
6am — 9;' d + m n — 7 a is the Sum required. 

Exam. 5. .£^72. 6. 

To 40 — ^J'+^P ' —7^+15 + 4^ 

Add — lap + 3 a ~ 2 y — \a — 1 1 -f 8 m 

Sum , iZ a P~\~ 1 a — 19^ m -\- ^~—> 

Exam. 5. — 2 a p added to i$ap is 13 a p, by Art. 3. and 
3 a added to 4 # is 7 #, by Art, 1 . and — 27 added to — 1 7 y is 
*— , 19^, by Art. 1. hence i%ap-{-j a — 197 is the Sum required. 

Exam. 6. — "1 m added to 8 ;/2, the Sum is #z, by Art.^." 
15 added to — 11, the Sum is 4, by Art. 3. and 4 a added to 
• — 4*7, the Sum is o, or nothings by Art. 5. hence z/z -j- 4 is 
the Sum required. 

In thefe two Examples the fame Quantities are not fet under 
one another, to fhew the Le'arner that however they are placed, 
if the Quantities are alike, they are to be added as if they flood 
one under the other. 

The more perfectly Addition is underftood, the eafier it will 
render the Work of Subtraction. 

SUBSTRUCTION, 
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SUBSTRACTION, 

7. TS performed by one general Rule ; change al! the Signs of 
J^ thofe Quantities which are to be fubftra&ed, or fuppofe 
them in the Mind to be changed, then add thefe Quantities to 
the others, according to the feveral Rules of Addition, which 
will be the Difference or Remainder required. 

I would advife the Learner to take out the Examples, and 
put down thofe Quantities which are to be fubftra&ed with 
contrary Signs, to thofe they have in the Examples ; that is, 
making thofe affirmative which are negative ^ and thofe negative 
which are affirmative, and then proceed as directed in the 
general Rule. 

Exam. 1, Exam. 2. Exam, 3. 'Exam* 4» 

From 5 a 7 m — $y - — 8z 

SubftracT: 3 a im - — iy ' ■ — 42 

Remains 2 a ' S m — Zy — 4 z 

Exam. 1. Here 3 a the Quantity to be fubftracled has the Sign 
-f-, which being made or iuppofed to be made — , then by the 
general Rule, 5 a is to be added to — 3 #, the Sum of which is 
2 #, by Art. 3. and this is the Remainder required. 

Exam. 2. In the fame Manner 2 m being fuppofed to have 
the Sign — prefixed to it, then by the general Rule, 7 m is 
to be added to — 2 w, the Sum of which is 5 m y by Art. 3. and 
this is the Remainder required. 

Exam. 3 And if we fuppofe — > 2 y to be p. v, or -J- 2y y then 
by the general Rule, ■ — 5 y added to -{- 2 }S the Sum is — 3^, 
by Art. 3. and this is the Remainder required. 

Exam. 4. If we fuppofe — 4 z to be 4 z, or -j- 4 z, then 
bv the general Rule, if — 8 3 is added to 4 z, the Sum is — 4 z, 
by Art. 3. and this is the Remainder required. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

From i^mn — 7^ — 53;^ 4 #y 

SubftracT; — 2w« + 5 y •/ -f-3)'* — 3 a y 

Remains ibmn — 1 2 y d — S y x ~ 7~tfjT 

£*tf/7z. 5. The Sign of 2 m n being — , if we fuppofe it -|~, 
then by the general Rule, 14^;? added to 2mn, the Sum is 
it m n 9 by Art, 1, the Remainder required, 

2 Exam. 
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Exam. 6. If we fuppofe $yd to be — 5 v</, then by the 
general Rule, ~i- 7 y d added to — 5 y d, the Sum is — I2y d 9 
by Art. 1. the Remainder required. 

Exam. 7. By fuppofing -$yx to be — 3^ a-, then by the 
general Rule, — 5 y x added to — ■ 3 y x, the Sum is — 8 y x t 
by Art. 1. the Remainder required. 

Exam. 8. And if we fuppofe — ^ay to be 3 ay, then 
by the general Rule, 4 ay added to 3 ay, the Sum is 7 a y^ by 
Art 1. the Remainder required. 

From 5 a m •- — ay -' — J a d 5yd 

Subftracl: — am — $ay -\- a d yd 

Remains bam ^ay ■ — 8 a d ^y d 

The Truth of Subftra£tion may be proved as in common 
Arithmetic, by adding the Remainder to the Quantity which is 
fubflracled, and if their Sum is the fame as that from which the 
Quantity was fubflraited, the Work is true, otherwife it is 
erroneous, 

Tmis in the four laft Examples 6 a m added to- — am, the 
Sum is 5 am. 

And 4*7 y added to — 5 ay, the Sum is — ay. 

And — 8 a Padded to ad, the Sum is — 7 ad. 

And 4y d added to y d, the Sum is $y d. And in the fame 
Manner may the other Examples be proved. 

8. If two or more Quantities connected by the Signs -j~ or 
*— 9 are to be fubftradted from other like Quantities connected 
by the Signs -}- or — , it is done in the fame Manner, only 
taking due Care to connect the remaining Quantities with their 
proper Signs, as was done in the Addition of compound Qa>ntitie$, 

Exam. 9. Exam. 10. Exam. 11. 

From 12 a + yb 7™ aJ r5y — 5 % y — iam 

Take 3 # -\- 2 b 6 ra a -j- 4 y 3 Z y -1- 4- am 

Remains 9^2 + 5^ m a -\- y — %%y — baw 

Exam. 9. By fuppofing 3 a to be — 3 a, then — 3 a added to 
12 a the Sum is 9 #, by Art. 3. and again, fuppofing 2 b to 

be 2 £, then — 2 £ added to 7 b the Sum is 5 b by the fame, 

and connecting thefe Quantities we have 9 ^ -f~ 5 ^5 -^ e Re- 
mainder required. 

Exam. 10. 6 ma being fuppofed negativ-e, or to be — 
6 m a P then — .6 m a added to 7 m a the Sum is m a, and 4 y 

being 
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being fuppofed to be — 4;', then — 47 added to $y the Sum isy, 
hence ma -\- y is the Remainder required. 

Exam. 11. 3 zy being fuppofed to be — 3 %>', and adding 
this to— 5 zy the Sum is — 8 zj, by Art. 1. and 4 # w being 
fuppofed to be — \ a m, by adding that to — 2 a m the ^um 
by Art. 1. is — 6 a m> hence — 8 zjy — 6 am is the Remainder 
required. 

Exam, 12. Exam. 73. Exam. 14. 

From 14 # — 5^ — J m.n -\- 2 y d 2 a -f- ?n 

Take . — 3 # — 5 j> — 3 #z ?z + 3 y d 5 a — 7 

Remains 17 « — 4^77 — yd ■ — 3^ + ^ + 7 

iLv^w. 12. The — 3<s being fuppofed by the general Rule to 
be 3 a, and adding that to 1 4 a the Sum is 1 7 a, by Art. 1 . and 
the — 5 y being fuppofed to be 5^, if we add $y to — 5^, 
the Sum is a Cypher, or nothing, by Art. 5. hence 1 7 a is the 
Remainder required. 

Exam. 13. The — ^mn being fuppofed to be 3 m n, then by 
adding 3 m n to — 7 w « the Sum is — 4 m n } by Art. 3. and 
2y d being fuppofed to be — %y d y and adding — $ydio 2y d 
the Sum is — y d y by Art. 3. hence — 4. m n — y d is the Re- 
mainder required. 

Exam. 14. The 5 a being fuppofed to be — 5 a, if that is 
added to 2 a the Sum is — 3 a, by Art. 3. but the m and 7 
being different Quantities, fee them down by Art. 6. only take 
particular Care to change the Sign of 7, according to the general 
Rule for Subtraction, then wiil — 3 a + m + 7 be the Re- 
mainder required. 

£W/z, 15. Exam. 16. jEaww. 17. 

From — am+y 15 yd +20 14^ + 7 — a 

Subflraft + a?n + y — 3 y .d — 16 — d + 7 — 8 * 

Remains — 2 a m iX y d -f- 36 lsd-f-ja 

The Truth of thefe Operations is proved in the fame Man- 
ner as in SubftracYion of fimple Quantities, by adding the 
Remainder to the Quantity which is fubftraYed, and obferving 
if that Sum is the fame, and has the fame Signs, with thole 
Quantities from which the SubftracYion was made. Thus, 

Exam. 15. -^ 2 a m added to a m\ the Sum is — a m, by 
Art. 3. to which connecting y with the Sisrn +, we hnd that 
by adding — 2 am to aw + v, the Sum is — a m + >•, the 
(Quantity from which the SubftracYion was made. 

D Exam. 



Hosted by G00gk 



iS A L G E B RA. 

Exam, 16. If 18 y d is added to — 3 y d the Sum is 15 yd, 
by Art. 3. and 36 added to — 16 the Sum is 20 by the fame, 
hence the Sum of i%yd-\- 36 added to — $yd — 16 is \$yd-\- 20, 
the Quantity from which the Subftradion was made. 

Exam, 17. By adding 15^ to — d the Sum is 14^, by 
Art. 3. and by adding 7 a to — 8 a the Sum is — <?, by the 
fame, to which putting down the 7, there being no Quantity 
to be added to that, hence 15^+ 7 a added to — ^+7 — 8 £ 
the Sum is 14^-i- 7 — .<?, the Quantity from which the Sub- 
ftradion was made. 

But if the Quantities to be fubftraded are unlike thofe from 
which the Subltradion is to be made, fet down thefe with the 
fame Signs and Co- efficients they have in the Example, after 
which place the Quantities to be fubftraded with their Co- 
efficientSj but change their Signs. 

Exam. 18. Exam, 19. Exam, 20. 

From 2 a — 3 y $m 

Take d 2 a — iy 



Remains 2 a — d — 3J> — 2 a 5^ + 2/ 

Exam. 18. Having put down 2 a, after which put — d, the 
Quantity to be fubftraded being -f- d, and 2 a — d is the Re- 
mainder required. 

Exam. 19. Having put down — 3^, to that connect 2 a with 
the Sign — , fo is — i>y — 2a the Remainder required. The 
20th Example is done in the fame Manner. 

And if compound Quantities are to be fubftraded from com- 
pound Quantities, but unlike, fet down all the Quantities one 
after the other, but change the Signs of thofe Quantities which 
are to be fubftraded, as in thefe Examples. 

From 2#-J~5 m — 4.d-\-2p 

Take Zy~ ' ld — S a ± H 

Remains 2 a -f 5 m — 3J + 2 d — 4 </ -f 2p+ 5 * — 3J 

Having wrote down 2 a + S w, to that conned 3 y with the 
gjan — , it being -f- in the Example, to which conned 2 d 
with the Sign +, it being — in the Example. 

In the other Example, having Wrote down — 4 d -f- 2 />, to 
this conned 5 a with the Sign +, it being — in the Example* 
to which conned 37 with the Sign — > it being + in th© 

Examp,e - M U L T I- 
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MULTIPLICATION, 

In which there are three Cafes. 

(9.) Cafe I-Tlir HEN the Si S ns of the Q" antities t0 be 
VV multiplied, are both affirmative, or both 
negative, fet or join the Letters together, and to them prefix 
the Sign +, which will be the Produft required. 

Exam. 1. Exam. 2. Exam. 3. Exam. 4. 



Multiply a y ■ — z 



— da 
By d m — a — x 

Produa Ta~ ~m~~y ** da * 

Exam. 1. Having joined the Letters da, and each of them 
having the affirmative Sign, therefore, by the Rule, d a, or 
-f- da, is the Product required. 

Exam. 2. Having joined the Letters m and y, and each of 
them having the affirmative Sign, therefore, by the Rule, m y> 
or -j- m y, is the Product required. 

Exam. 3. Having joined the Quantities % and a, and each of 
them having the fame Sign, therefore, by the Rule, a z, or 
-j- a z, is the Product required. 

Exam. 4. Having joined the Quantities da and x, and both 
having the fame Sign, therefore dax, or + d a x, is the Pro- 
duel: required. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

Multiply a —am — y a m 

By a_^ —d —dp ** m 

Produa a a am d dpy am an 

Exam. 5. Having joined a a, and both the Quantities being 
affirmative, therefore a a is the Produd required. 

Exam. 6. Having joined the Quantities a m and d, and both 
havine the Sim — , hence a *i d is the Produa required. 

Exam. 7. Having joined the Quantities j and dp, arid be- 
caufe both have the fame Sign, therefore <//> y is the Produa 

required. , , 

J5*W2. 8. Having joined the" Quantities * 01 and * », and 
both having the fame Sign, therefore am an is the Product 
fewired. Tf 
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10. If the Multiplicand confifts of two or more Quantities 
connected t)y the Signs -f- or — , then the Multiplier mult be 
multiplied into each of th6fe Quantities, prefixing to each par- 
ticular Multiplication its proper Sign, which will give the Pro- 
duct. Thus, 

Exam. 9. Exam. 10. Exam. II. 

Multiply a-\-d %+y — mx—n 

By m d — p 



rroduct m a -\- m d dz-\-dy p m x -f- p n 

Exam. 9. If we multiply a by m, the Product is m a y by 
Art. 9. and mukiplying d by m> the Product is m d 9 by 
Art. 9. but as m and d have both the affirmative Sign, therefore 
prefix the Sign -f before m d, and m a -|~ m d is the Product 
required. 

Exam. 10. Multiplying z by d, the Product is d z, and 
multiplying^ by d, the Product is dy, by Art. 9. but as d and 
y have both the Sign +, prefixing that Sign before dy we have 
d%-\- dy, the Product required. 

Exam. 11. Multiplying — m x by — p 9 the Product is p m *, 
by Art. 9. and for the fame Reafon — n multiplied by — p, the 
Product: is p n, then connecting pmx and p n with the Sign +, 
we have p m x + p n y the Product required. 

Exam. 12. Exam. 13. Exam. 14. 

Multiply —7?2— y —. a — Z y a d A- z 

By —d — x 



y 



Product d m - r dy a x -j- .*• zy a dy -\- y z 

Exam. 1 2. Multiplying — m by — ^ the Product is /w */, by 
what was faid at Example 11, and multiplying — tff by — y 9 
the Product is for the fame Reafon dy, and connecting dm and 
^ with the Sign -}-, we have dm 4- dy, the Product required. 

Exam. 13. Multiplying — a by — x, we have ax for the 
Produdf, as in the lafl Example, and from multiplying — zy 
by — x, we have for the. fame Reafon x zy for this Product, 
then connecting ax and xzy with the Sign -}-, we have 
<z # -f * z >S the Product required. 

£W?. 14.. Multiplying ad by y, the Product is a dy, and 
multiplying z by y, the Product' is _y z ; but as the Signs of v 
and z are both alike, therefore prefixing the Sign -J- to^y z, we 
have ^ rfj/ + jfz ; the Product required. 

iu It 
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11. It may be proper to caution the Learner, that in 
Multiplication it is quite indifferent which Letter he places firft, 
or laft, for to multiply am by <r/, the Product is a m d, or 
m d a, ox dm a, or a d m y or any of the different Pofnions 
in which three Letters can be placed; this will be more 
compleatly and fully underftood when we come to apply the 
Science to the Solution of Problems : Bur, that the Learner may 
form fome Idea of the Truth of this, fuppofe we were to multi- 
ply 3' 5> an d 7 together, the Product will be the fame in what- 
ever Order thefe three Numbers are multiplied. Thus, 



3 


7 


3 


5 


5 
35 


7 


15 


21 


7 


3 


5 



J05 J05 105 

This Obfervation I advife the Learner to fix in his Mind, to 
prevent concluding he has done any of the following Examples 
erroneoufly, by happening to place the Letters different from 
what they are in the Book. 

12. But if the Multiplier and Multiplicand confiftsof two or 
more Quantities, then begin and multiply the Multiplicand by 
any one Quantity in the Multiplier, according to the Directions 
in Art. 9. and 10. after that multiply the Multiplicand by 
another Quantity in the Multiplier, and put this Product under 
the other, and continue doing this till the Multiplicand has been 
multiplied by every Quantity in the Multiplier; then under thefe 
Products draw a Line, and add them together by the feveral 
Cafes of Addition, and this will be the Product required. 

Exam. r. 

Multiply a-\-b 
By m -h- n 

m a ~\- m the Product of a -j- b multiplied by m> by 

Art. jo. 
n a -\- nb the Product of a -\-b> multiplied by 77, by 
the fame. 



771 a ~\- m b -f- n a -J- n b the Sum by Art. 6. the Pro- 
duel required. 

Multiply 
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Multi-ply m-\-'y 
By aA-d 



a m ~j- ay the Product of m -\- y multiplied by a, by 

Art. 10. 
m d -\-y d the Product of ?n -fy multiplied by d> by 

(he fame. 



am -\- ay -j- m d-^-y d the Sum by Art. 6. the Pro- 
duct required. 



Multiply — a — d 
By 



• m - 



ma -f- m d the Product of — a — d multiplied by 

— m, by Art. 10. 
a % -f- dz the Product of — a — ^/multiplied by — z y 

by the fame. 



■ m a jf ra d -\- a z -f- d z the Sum by Art. 6. the Product 

required. 

Multiply a ^- b 

a a __|_ a b the Product of a -J- b multiplied by a y by 

Art. 10. 
a }y J^ I b the Product of <7 ~j- ^ multiplied by by by the 

fame. 
aa-\- %ab ~\- b b the Product of a -f- b multiplied by 
a + b. 

Now in the Addition of the laft Example I oblerve there 
is ab in each of the two Lines, and there being no Co-efficient 
prefixt, Unity or 1 being then always underftood to be the Co- 
efficient, hence 1 ab added to 1 a b is 2 a b ; the other Quantities 
a a and bb are fet down as in the former Examples, therefore 
04-j-2ab-\-bbi$ the Product required. 

And in fuch Additions as thefe I recommend it to the 
Learner, before he begins to add, to examine the feveral Quan- 
tities, and fee if the Letters in any two of them are alike, and if 
they are to collect them into one Sum, according to Art. 1 and 
3 ; remembering, that though the Letters which compofe the 
two Quantities are not in the fame Order in each ; yet if they 
are but~ the fame Letters, and no more in one than there is in 
the other Quantity, they are the fame, and may be added by 

Art. 1 and 3. 

' The 
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The four following Examples are for the Exercife of the 
Learner. 

Multiply a -\- b a\y 

By m -f- y a -\- y 

a m -\- mb a a -\- a y 

ay + h *y + y y 

Product am -\- mb -\- ay -\- by a a -J- 2 a y -f- y y 

Multiply y -f- m — a — d 

By y -\- m —a — d 

y y -f- y ?n a a ~\- a d 

ym-\-mm a a -\- d d 

Product yy-\-2ym-\-mm a a -\- 2 a d -{- d d 

13. Cafe 2. If there are Co- efficients or prefix t Numbers, 
then multiply the Numbers as in common Arithmetic, and to 
their Products join the Products of the Quantities found by the 
Jaft Cafe, Art. 9. 

Exam. 1. Exam. 2, Exam. 3. Exam. 4. 

Multiply 2 a $m — J ad — 2y 

B y 3 m 3y —3 m — * 

Product bam 1 5 ni y 21 a d m 2 ay 

Exam. 1. The Product of the Co-efficients 2 and 3 is 6 : the 
Product of a multiplied by m is am, the Signs being alike, joining 
thefe together it is 6 am, the Product required. 

Exam. 2. The Product of 5 by 3 is 15 : the Product of m 
by y is. m y, for the Signs are alike, and joining thefe together it 
is 15 my, the Product required. 

Exam. 3. The Product of 7 by 3 is 21 : the Product of a d 
by m is a dm, the Signs being alike, and joining the 21 and 
ad m it is 21 a dm* the Product required. 

Exam. 4. The Product of 2, and 1 the Co-efficient of a, is 
2, to which joining ay, the Product of a and y, it is 2 ay, the 
Product required, for the Signs of 2y and a are alike, bein* 
both negative. 

Multiply *]am 6dz . — ^yp — 2dx 

By 2 d 2 a — 3 7 — d 

Product i^amd izdz.a o y y p 2ddz 

14. An<3 
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14. And if there are two or .more Quantities with Co-effi- 
cients connected by the Signs -f- or — , to be multiplied by any 
Quantity and its Co-efficient, they are multiplied as in the laft 
Article, only connecting the feveral particular Produces together 
with their proper Signs, as was done at Art. 10. 

Exam. I. Exam. 2. Exam. 3. 

Multiply ia-\-Z b 2y + 5 d ~2y—<2a 

By 3m S m '_ *—3- 



[Z 



Produa bam-\-<)btn i$y m -f 25 d m byz~f-6za 

Exam. 1. Multiplying 2 a by 3 m the Produa is 6 a m 9 by 
Art. 13. and then multiplying 3 m by 3 b the Prod u cT: is <^bm % 
by Art. 13. to which prefixing the affirmative Sign, as the 
Sis;ns of 3 b and 3 m are alike, and 6 a m + 9 b m is the Product 
required. 

Exam. 2. Multiplying 3^ by 5 m the Produa is 15 y m 9 by 
Article 13. then multiplying 5 m by 5 d the Product is 
15 dm, to which prefixing the affirmative Sign, as the Signs of 
5;/ and 5 ;# are alike, and 15^01+25^02 is the Prod u 61 
required. 

.fryd/w. 3. Multiplying — 2y by — 3 z the Produa is 6 j- z, 
by Art. 9 and 13. Again, multiplying— 2 a by — 3 z the 
Produa is 6 * z, for the'Signs of 2 <? and 3 % are alike, and con- 
netting 6yz and 6za with the Sign +> we have 6 jy z + 6 z tf> 
the Producl required. 

Exam. 4. £****. 5- Exam ' 6 - 

Multiply Zm + 2y —2d— zm — 3 y— 7 my 

By 6* — 4* . ~ 2 * 



Produd iU««+ J2^ 8^ + 127^ 6^a.i-i4fl^ 

£^w. 4. Multiplying 3 m by 6 a the Produa is 18 02 *, and 
multiplying by 6a the Produft is I2jtf, and placing the 
Sicm + before uya, becaufe the Signs of 6 a and 2y are 
alike, we have 18 ma+ it. y a, the Produa required. 

j?v*/w 5. Multiplying — 2d by — 4* the Produa is $ d a, 

for theSi2;ns of 2d and \a are alike, being both negative, 

therefore 8 da or + 8 da is the Produd of theie Quantities, 

Now multiplying — 4* by — 3 m the Produfi is uma 9 to 

which prefixing the affirmative Sign, as 3 m and 4 * have the 

fame Sign, both being negative, and we have 2da + 12 m a, 

the Produa required. 

Exam. 



3 
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Exam. 6, The Producl of — 3^ by — 2 a is 6 y a^or -\- 6 ya 9 
and the Prod ucl of — jmyby* — 2 a is 14 amy y or -f- i^amy^ 
hence, for the Reafon in the daft Example, by a -j- 54 a my ia 
the Producl required. 



Multiply — 3 m — %d 
By — \a 


— 2z — 3 y 

— ±a 


— \d — 5 m 

— 2b 


Product 12m a-^ beta 


# z a -f- 12 ay 


8 b d-\~ 10 mb 



15. And if there are two or more Quantities with Co- 
efficients connected by the Signs -\- or — , to be multiplied by 
two or more Quantities -with Co-efficients connected in the 
fame Manner, the Quantities are to be multiplied as at Art. 12. 
taking due Care to multiply the Co-efficients, as has been taught 
Art. 14. Thus, 

Multiply 2*+ 3& 
By 3 a -f- 5 m 

baa -j- 9 ab the Producl of 2 a -f- 3 I multiplied by 

2 a, by Art. 14. 
\Oma-\- i$bm the Product of 2 a -{- 3 £ multiplied by 

5 m, by the fame. 

b a a -\- 9 a b -j- 10 m a -\- 1 5 # m the Producl re- 
quired, being the Sum of the :wo particular Produces, which are 
added together by Art. 6. 

Multiply 3 7?z -f- 5 y 
By 2 a A- ^n 



b a?n-\-.io ay the Producl of ^m -j- 5 j multiplied 

by 2 tf, by Art. 14. 
9 m n -f- 15 jv 7/ the Producl of 37?/ -f- 5^ multiplied 

by ? #, bv Art. 14. 



bam-x~ ioay-\- qmn -\~ i$yn the Producl .required, 
being the Sum of the two Producls^ which -are .added together 
.by Art. 6. 

Multiply 2 a -f- 3 b 
By 2^4-2^ 

4 a a ~f~ 6 tfi> the Producl of 2 <? 4- 3$ multiplied by 

2 67, by Art, 14. 
4 67 £ -|- 6 Z> b the Producl: of 2 a -j- 3^ multiplied by 

2 £, by the fame. 

.4 6-/ tv -f l&a b ~f~ 6 b b the Product required. In this 
£ Addition 
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Addition the Reader is to obferve that in one Li ne there is 6ab> 
and in the other Line there is ^ab, which two Quantities 
added together the Sum is 10 *i v by Art. i. but the \aa and 
6bb being different Quantities, they are fet down by Art. 6. 
hence the Product of 2 a + 3 b multiplied by 2 a -{-lb, is 
^aa + iOab+ 6 b b. 

Multiply 2 a + 7 b 3 a + 2b 

By 2 a -\- S n aAr \b ^ 

6tf # + 14^ 3^tf-l-2^« 

15*0+35^ 1 2 £ # -j- ^ £ /> 

Produa 6^ + 14^+15^+35^ 3 aa ~\~ i^ba + Sbb 

16. Ctf/* 3. When the Signs of the two Quantities to be 
multiplied are one affirmative and the other negative, then 
multiply the Quantities as before directed, but to their Produa 
prefix — , or the negative Sign. 

Exam. I. Exam. 2. Exam. 3. Exam. 4. 

Multiply —b —a —am —dm 

By a d ^ y_ % z 

Produa — ba —ad —amy —d?n<z 

*Exam. 1. The Produa of b by a is b a, for Multiplication is 
only joining the Letters, but as the Sign of b is — , and that 
of a is + , therefore to b a prefix the Sign — , (6 Is — ba the 
Produa required. 

Exam. 2, The Produa of a by d is erf, but as the Signs ot 
a and d are different, therefore prefix the Sign — to ad, and 
— a d is the Produa required, 

£*ww. 3. The Produd of am byj/ is a my, but as the Signs 
.of a m and )/ are different, therefore prefix the Sign — to a m J, 
f i s — # m y the Produa required. 

£awz. 4. The Produa of dm by % is iwz, but as the 
Signs of dm and % are different, therefore prefix the Sign — 
tod m z, fo is — dm % the Produa required, _ 

This Operation being the fame as at Art. 9. taking Care 
10 make the Sign of the Produa— , I (hall only fubjoin the 
flowing Examples for the jExercife of the Learner. 

Multiply 
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Multiply xm ~~ym —ax ma 

By — y d dy — p 



Product — xmy — y m d — axdy — map 

17. And if two' of more Quantities with Co -efficients are to 
fee multiplied into any one Quantity with a different Sign, they 
are multiplied as at Art. 14. taking Care of the Signs arifing in 
the Product, according to Art. 9* and 16. 

Exam. I. Exam. 2. Exam, 3. 

Multiply — 2 a — 2Z 2y~\-$d - — $m — 2 y 

By VL ~ 3a 3 j 

Product — ga?n — tz?n — 6 ay — 15 ad — i<md — 6dy 

Exam. i. Multiplying 3 a by 3 m, the Product by Art. 13. 
is gam,, but as 3 m has the Sign -f- prefixed to it, and 3^7 has 
the Sign — prefixed to it, therefore to the Product 9 am prefix 
the Sign — , by Art. 16. Again, 2% multiplied by 3/72 the 
Product is 6 zm y but as 2 z has the Sign — to it, and 3 m the 
^ ! g n +? therefore to 6 % m prefix the Sign — , by Art. 16. and 
— q a tn — -6 zw is the* Product required. 

Exam. 2, Multiplying 2y by 3^7, the Product is 6 # y, but 
as the Sign of iy is +, and that of 3^7 is — , therefore to 6 ay 
prefix the Sign — , by Art. 16. Then multiplying $d by 3*2 
the Product is i$ad, but as the Sign of 5 d is -f-, and that of 
%a is — , therefore prefix the Sign -^ to 15 ad by Art. 16. 
and — 6 ay — 1 5 # <-/ is the Product required. 

Exami 3. Multiplying 5 m by 3^/, the Product is i$md y 
but as the Sign of 5 /#' is — , and that of 3^ is -{-, therefore 
prefix the Srgn — -to 15 wy/. Again, multiplying 2y by 3 d 9 
the Product is by d x but becaufe the Signs of 2y and 3^ are 
different, therefore prefix the Sign — to6^y, and — i$md — 
6 dy is the Product required. 

Examples for the Exercife of the Learner. 

Multiply — 2 a — %b 3 m ~\-7y — *- 5 y — 3^ 

By 4 z • — 2 d 3 m 

Piodudt — >'8a-z — 12 bz — 6md — ifydy — 1 5 y m — 9 b ?n 

1 S^ And if two or more Qiiantities with Co-efficients are to 
be multiplied by two of more Quantities with Co-efficients, if 
fh~ir Signs are unlike, yet they are multiplied as at Art. 15. 
taking due Care of the Signs of the Product, by Art. 9. and r6. 

E 2, Multiply 



Hosted by G00gle 



t% ALGEBRA, 



Multiply — 3 a — 2 m 
By 4 b -f- 6 y 



— 12 a b — 8 b m the Product of — 3 a — 1 m multiplied 

by 4^, by Art. 17. 

— iSay — I2ym the Produ&of — 34 — 2 m multi- 
plie d by 6jp, by Art. 17. 

— 12a b — Sbm — iSay — 12 y m the Produfl re- 
quired, being the Sum of the two particular Products, which are 
added by Art. 6, 

Multiply 5y + 3^ 
By —7d~ 3 a 

' — 35 J d — 2I dm theProdudiof 5^ -}- 3 m multiplied, 

by — yd 9 by Art. 17. 
— 1 S a y — 9 am the Product of 5^ + 37^ multiplied 
^ by — 3*7, by Art. 17. 

' — 35 yd— 21 dm — I5#y — gam the Product re- 
quired, being the Sum of the two- particular Products,, which a-ne, 
added by Art. 6. 

Multiply 2tf + 3^ 
By — 2 a — 3 b 

> — \aa — ha b the Product of 2 a -f~ 3 b multiplied 4 
by — 2a> by Art. 17. 

— 6ab — gbb the Product of 2# -{- 3^ multiplied 

b y — 3 b y by Art. 17. 

— 4#d — 12 a b — qbb the Product required: For 
m this Addition the Reader may obferve that there is — 6 a b 
in each of the two particular Products, which being added toge- 
ther by Art. 1. make — \%ab, but — 4. a a and — 9^ being 
different Quantities, they rauft be placed feparate from om 
another. There are Examples of this Kind at Art. 15.. 

19. It may be for the Learner's Advantage to be put in Mind, 
that if any Algebraic Quantities are to be multiplied by a purs 
Number, that then this Number Is to be multiplied into every 
one of the Co-efjicients of the other Quantiiies, in all Refpedts 
as before, and to each particular Product fet or join that Quan- 
tity vvhofe Co -efficient was multiplied. Thus, 

Rxam* 
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Exam. 1. Exam. 2, Exam. 3. 

Multiply 2 a -}- 3 b ' — 2 m — 4^ 4^+3/ 

ty 6 7 9 „ 



Product i2tf + i8£ — 21/72 — 28^ 36^+27/ 

Exam, 1. Multiplying 6 by 2 the Product is 12, to which 
joining # it is 12^, then multiplying 3 by 6 it is 18, to which 
joining Z* it is 18 £, and becaufe 6 and 3 £ have both the Sign -J-, 
therefore by Art. 9. prefix the Sign -}- to 18 b, fo is 12 tf -f- 18 b 
the Product required. 

Exam. 2. Multiplying 3 by 7 it is 2T, to which joining m it 
is2iw, but as the Sign of" 3 m is — , and that of 7 is -[-, there- 1 
fore by Art. 16. prefix the Sign — to 21 m, and It is — 21 m. 
Agarn, multiplying 4 by 7 it is 28, to which joining d it is 
28 d^ but as the Signs of 4 d and 7 are likewife unlike, there- 
fore to 28 d prefix the Sign — , and — 21 ?n — 28 d is the 
Product required. 

Exam. 3. Multiplying 4 by 9 the Product is 36, to which 
joining d it is 36 d 9 and becaufe the Signs of 4^ and 9 are alike, 
therefore it will be 36^, or -f- 36 ^; and multiplying 9 by 
3;' the Product will be 27/, to which muft be prefixt the Siga 
-(-, becaufe 3^ and 9 have the fame Sign, fo is 36 ^/ -{- 27/ 
the Product required. 

Examples wherein all the three Cqfes of Multiplication are 
promifcuoufly ufed* 



Multiply 1 a — 3# 




By 5 m + 2 y 




10 ma — 15 mb 




\ a y — 6y £ 





Prod uct 10 ma — 15 /a £ -}- 4 ^ jy — 6 y k 

The 2a being multiplied by 5 m the Product Is 10 ma^ by 
Art, 13. and — 3 Z> being multiplied by the fame 5 m 9 the 
Product is — 15 //z />, by Art. 16. and 17. 

And 2 a being multiplied by iy the Product rs 4#j, by 
Art. j 3. and — 3 b multiplied by 27 the Product is — 6 y b, 
by Art. 16. and 17. 

Now draw the Line and begin to add them, and becaufe the 
Quantities- are all different, they are added by Art. 6. and there- 
fo-rgahe Product will be io w a — 15 in b + 4 #7 — 6 jy £* 

2 Muhrpfy 
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Multiply - — 7 m + 2 a 

• — 21 /tf^ -}- 6 a y 
2% mn — 8 n a 
Product — 21 m y + 6 a y + ti&mn-^-Zna 

The — - j m multiplied by 3 y the Product is — 21 my, by 
Art. 16 and 17. and %a multiplied by 3^ the Product is 6 a y, 
by Art. 13. 

And — y m multiplied into — 4 n the Produft is 28 w », by 
Art. 1 3. and — 4 n multiplied by 2 a the Product is — 8 n a^ 
by Art. 16 and 17. 

Now begin the Addition, and becaufe the Quantities are 
all different, they are added by Art. 6. and the Product h 
— 21 my -^ 6 ay + 28 7/2 ?z — .8«fi. 

Multiply ia + 3^ 
By 2d — 3 b 



40 a 4- 6 £ 
-6 £ — 9 b b 



Product ^aa< — g b b 

Multiplying 2 a hy 2 a the Product is 400, % n d multiplying 
3^ by 2a the Product is 6 ab. 

And multiplying 2 by — 3 b the Product is — 6 a b f 
becaufe the Signs of the two Quantities are unlike, and for the 
fame Reafon the Product of 3 b by — 3 b is — 9 b b. 

Now begin the Addition, and I obferve in the firft Line there 
i$s-|-6tf£ or 6 £, but in the fecond Line there is — 60 b^ 
now becaufe the Co-efficients are equal, the Quantities alike, 
but the Signs being contrary, therefore by Art. 5. thefe Quanti- 
ties will deilroy one another, then putting down the 4 a a and 
-— 9^£, by Art. 6. we have 400 — 9 b b, the Product required. 

Multiply 7 m + 4 a 

By — 3 * + 5 

« — 2 1 7/2 — 1200 the Product of 7 w -f- 4 a multw 
plied bv — 3 a. 
35 m -\- 20 a the Producl: of 7 777 + 4 multr- 
plied bv «;, bv Art. 19. 



Product — 21/00 — 1200+35 ™ + 20 a 



Multiply 
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Multiply 5 a + b 

By * a + 2b 

loaa + lab the ProducT: of 5 a + b multiplied by 2^ 
15^ + 3^£ the Product of 5 tf +^ multiplied by 3^ 

Product 10 aa-{- 17 ab -\- 3b b. 



D I V I S I 

In which there are four Cafes. 



-20, Cafe i'11/HEN the Signs of the Quantities to be 
V V divided are both affirmative, or both ne- 
gative, rejecl: all thofe Quantities in the Dividend and Divifor 
that are alike, and fet down the Remainder, prefixing to it :he 
Sign +» which will be the Quotient required. 

Exam. 1. Exam. 2. Exam. 3. Exam. 4. 

Divide ab dm < — mn — ap 

By a d — m — p 

Quotient b . m n a 

Exam. 1. Becaufe *z is in the Dividend and Divifor, 1 eject 
it, and b being only left, it is the Quotient fought, and is to 
have the Sign -j~, becaufe the Signs of a b and a are alike. 

Exam. 2. Becaufe d is in the Dividend and Divifor, reject 



it, znd there being only ?n left, it is the Quotient fought, 
which muft have the Sign -f-> becaufe the Signs of dm and d 
are alike. 

Exam. 3. Becaufe w is in the Dividend and Divifor, rejecl: 
it, and n being only left, I write it down for the Quotient 
tujoht, which muft have the Sign -f*> becaufe m n and m have 



■ -the fame Sign. 



Exam 4. Becaufe/) is in the Dividend and Divifor, I rejecl: 
it, and place down a y the Quantity left, for the Quotient 

fought, which mad have the Sign -j-, for the Signs of ap and 
|> are alike, 

ExQtTU 



Hosted by G00gk 



32 ALGEBRA. 



Exam. 5. 


Exam, 6. 


Exam. 7. 


Exam. 8 


Divide amd 
By am 


— upy 

— py 


m da 

ma 


- — m yz 
— z 


Quotient d 


a 


d 


y m 



Exam. 5. Becaufe a m is in the Dividend and Divifor, reject 
it, and place down d for the Quotient, which muft have die 
affirmative Sign, for the Signs of am d and a m are alike. 

■Exam. 6. Becaufe py is in the Dividend and Divifor, I 
reject it, and place down a, the remaining Quantity, for the 
Quotient, which muft have .the affirmative Sign, for the Si^ris 
of apy and py are alike. 

Exam. 7. Becaufe m a is in the Dividend ana* Divifor, t 
frejecl: it, and place down d for the Quotient, which muft have 
the Sign +, becaufe the Signs of mda and m-a are alike. 

Emm. 8. Becaufe z is in the Dividend and Divifor, I 
reject it, and place down y m, or my, which is the fame thins;, 
£or the Quotient fought, and muft have the Sign -}-, becaufe 
Che Signs of my z and z are alike. 

Divide Mpz — mnd -. — abc ah dy 

By az — m d — c 



ay 



Quotient p n ab b d 

The Truth of thefe Operations in Divifion may be proved 
like thofe in Arithmetic, for the Quotient and Divifor being 
multiplied, the Product will be the Dividend if the Work is 
true ; thus in the fecond Example of the laft four, by multiply ino- 
n the Quotient into — 7nd the Divifor, the Product is mdn^ 
or m n d, to which muft be prefixt the Sign — , by Art. 16. be- 
caufe the Signs of md and n are unlike, hence the Product with 
its Sign is — m n d, the given Dividend. 

And in the Laft Example, if we multiply bd the Quotient by 
ay the Divifor, the Product is bday, ox.abdy, which is the 
fame thing, by Art. 11. and this Quantity muft have the affir- 
mative Sign, by Art. 9. for the Signs of ,b d and ay are alike, 
hence -f- ah dy, or a b dy, is the Product with its Sign, the fame 
.as the given pividend : And fo of any other Example. 

21. But if all the Quantities In the Divifor are not to be found 
ib the Dividend^ then you muft on'y rejeci thole Quantities in 

*he 
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She Dividend and Divifor that are alike, placing down the re- 
maining Quantities of the Dividend, and under them thofe <rf 
the Divifor that are not rejected by this Rule ; which will 
be the Quotient fought,, and fland like a 'Vulgar Fraction in 
common Arithmetic. 

Exam. I.. Exam. 2. Exam. 3. Exam. 4. 



Divide amb 
By ay 


*~~mn d'Z 
— mn a 


— day p 

— dpz 

«y 

z 


pnqr 

pad 


Quotient 

y 


dz 
a 


n q r 
nd 



Exam. 1. Becaufe a is in the Dividend and Divifor, rejecT: 
it, and place down mb the remaining Part of the Dividend, 
under which drawing a Line, and place y the remaining Part of 

m h 

the Divifor, fo will — be the Quotient fought, which muft 

y ^ 

have the Sign -J-, by Art. 20, as the S 4 igns of the Quantities to 

be divided are alike. 

Exam. 2. Becaufe mn is in the Dividend and Divifor, reject 

it, and place down dz the remaining Part of the Dividend, 

under which drawing a Line, and place a the remaining Part of 

dz 

the .Divifor, fo is the Quotient required, and it muft have 

a 
the Sign -f*> by Art. 20. as the Signs of the Quantities to fee- 
divided are alike, 

Exam. 3. Becaufe dp is in both Dividend and Divifor, reject 
it, and write down ay the remaining Part of . the Dividend, 
under which places the remaining Part of the Divifor, as in the 

two former Examples, fo is .12, or -f- .-<-, the Quotient re^- 

z z - 

quired, for the Signs of the two Quantities to be divided arc 
alike. 

Exam. 4. Becaufe p is in both Dividend and Divifor, rejecl: 
it, amd write dow-n n q r the remaining Part of the Dividend., 
under which place ad the remaining Part of the Divifor, and 

*!JLL is the Quotient required, which will be affirmative by 
■a d 
Ait, *o. fyecaufe the Signs of pnqr antf pad are alike. 



Divide 
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adz 
ap 


mn d 
m a 


—yzdb 
— y za 


dz 


nd 
a 


db 





-34 ALGEBRA, 

Divide — apqn 
By — a n m 

Qs ' p4" dz n d 
uotient J-L- . 

m 

Thefe Operations are proved as at Art. 20. by multiplying 
the Quotient by the Divifor ; for in the laft Example the Quotient 

Ah 

is — , which is a Fraction : the Divifor is — y z a, which by the 
a 

Rule of Vulgar Fractions in common Arithmetic is made this im- 
proper Fraction — -L — r , then the two Fractions to be multiplied 

are — , and — t , multiplying the Numerators we have 

a 1 

dbyz a for the new Numerator, and multiplying the Denominators 

we have a for the Denominator, hence the Product is this Fraction 

. - y % .„ , but as i. — -has the negative Sign, and — . ha$ 
the affirmative Sign, therefore by Art. 16. prefix the Sign — to 

4*221 and it is — dh y %a , the Produd with its true Sign : 

a a 

But in this Fraction zs-?«dbyza is to be divided by #, reject* 
ing a both in Dividend and Divifor by Art. 20. we have — dby % 
or — y zdb, the fame with the Dividend in the given Example ; 
in like Manner may the others be proved. 

22. And if there are two or more Quantities connected by 
the Signs -f- or — *■ to be divided by any fingle Quantity, every 
Quantity in the Dividend rnuft be divided by the Divifor, fetting 
<Jown the particular Quotients, as at Art, 20. which mult be 
connected by the Sign -|- when the Signs of the Quantities tp 
be divided are both alike. 





Exam. 1. 


Exam. 2. 


Exam. 2? 


Divide 
By 


qb + am 
a 


m d J^ mz 
m 


— da — dp q 

— d 



Quotient b + m" 4 + « a + P 2 

Exam. 1. Dividing a b by a the Quotient is b, by Art. 2C\. 
znd dividing a m by a the Quotient is m ? by the fame Art. but 
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2s am and* a have both the affirmative Sign, therefore to m pre- 
fix the Sign +, fo is l + m the Quotient required. 

j?*tftf2. 2. md being divided by z?z the Quotient is d> by Art. 
20. and dividing m z by m the Quotient is jz, to which prefix- 
ing the Sign -f-, as m'z- and m have both the fame Sign, we iiave 
d-\-z for the Quotient required. 

Exam. 3'. */# being divided by ^the Quotient is #, and be- 
cause da and a have both the negative Sign, or the Signs are 
alike, therefore a muft have the Sign 4*? whence it is + a or #» 
and dividing; — dp q by — d the Quotient is pq, to which 
muft be prefixed the Sign -f-, for the Signs of dp q arid d are 
alike, hence we have a -\- p q for the Quotient required. 

Exam. 4. Exam. £* Exam. 6. 

Divide ~#£ — ant bm-\-bri *-zyp—zyd 

By — a b — z y 

Quotient b-^m m~\-n p + a 

Exam. 4. Dividing — ab by — a the Quotient is b y by- 
Art. 20. and it muft be + b or b> as the Signs of ab and a are 
alike : then dividing— -a m by — a the Quotient is m, by Art* 
20. becaufe the Signs of am and a are alike, then connecting 
£ and ^2 with the Sign +, and b -{- m is the Quotient required. 

Exam, 5- Dividing bm by b the Quotient is m^ by Art. 20. 
and dividing biiby b the Quotient is w, and as bn and £ have 
the fame Sign, therefore prefix the Sign + to tf, fo is m -|- n 
the Quotient required. 

Exam. 6 . Dividing — izypby — <zy the Quotient is ^, by 
Art. 20. and dividing — zy a by — z^ the Quotient is a, to 
which prefixing the Sign +v for the Signs of zya and zj are 
alike, we have^> -f- a the Quotient required. 

Divide ~-^dnz~^zad am-\-ad ~dy—*dz 

By — d z a — d 



Quotient n-\- a m -\- d y -(- z 

The Truth of thefe Operations are proved by multiplying the 
Quotient by the Divifor; if that Product agrees with the Divi- 
dend in its Quantities and Signs the Work is true, otherwife 
not. Now in the laft Example the Quotient y \ £, and the 
Divifor — d y being multiplied together by Art.- 14. they pro- 
duce -~ dy — dx y the given Dividend. 

F 2 23, Cafr 
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23. Cafe 2. When the Signs of the Quantities to be divided 
are one affirmative and the other negative, find the Quotient ©f 
the Qua nities as before -> but to them prefix the negative Sign* 
©r Sign -*•*♦ 

E%am. 1. Exam. 2* Exam. 3. Exam. 4,. 



Divide 
By 




— mnp 
m 


ay% 

— ay 


— db 


Quotient 


— rffZ 


— np 


— z 


~- m 



Exam. 1. Becaufe j is in both Dividend and Divifor, reje<£t 
it, and place down m the remaining Part of the Dividend, but 
as the Signs of a m and a are different, therefore to m prefix 
the Sign — , and it will be-»— #z, the Quotient required. 

Exam. 2. Becaufe m is in the Dividend and Divifor, rejsft 
it, and place down np the remaining Part of the Dividend, 
but as the Signs of mnp and m are different, therefore to np 
prefix the Sign — , and it will be — np y the Quotient re- 
quired. 

Exam. 3. Becaufe ay is in the Dividend and Divifor, 
rejeft it, and place down z the remaining Part of the 
Dividend, but as the Signs of ayz arsd ay are different, 
prefix the Sign — to z, and it will be — z, the Quotient 
required. 

Exam. 4. Becaufe db is in the Dividend and Divifor, 
Reject: it, and place down m the remaining Part of the Divi- 
dend ; but the Signs of the Quantities that aie divided being 
different, to m prefix the Sign — > and it will be — m> the 
Quotient required. 

Divide — mnp — mnp dyp dab 

By m mn — d y — d b 



Quotient — np — p ■ — p — a 

24. And if there are two or more Quantities connected hy 
the Signs -f- or — , to be divided by any firgle Quantify, the 
Operation is the fame as at Art. 22. only taking due Care, 
when the Signs of the Quantities to be divide.] are different, 
t© prefix the Sign — before thole Quo-.icnts. 

Eoam, 
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Exam. i. lfxtf/w. 2. 2?x*»r. 3. 

Divide — mn — md ad + ab — dnz—dzy 

hy rn — * __£f 

Quotient — » — ^ —d — b *—*—?. 

Exam 1. Dividing—*!* by *» the Quotient is », by 
Art 20 but as the Signs of m n and m are different, therefore 
by Art. 23. I prefix the Sign -to n 9 and it is — « And 
dividing — *t J by ai, the Quotient is d ; but as the Signs of 
m d and m are different, therefore by Art. 23. prefix the Sign- 
to <*, hence —»— ^ is the Quotient reqm^^^^^ 

£W 2. Dividing ad by — * the Quotient is d 9 to which 
prefix the Sign-, by Art. 23. which mates it—d: then 
dividing ab by -a, the Quotient is b> but as^the Signs" of ** 
and * are different, therefore by Art. 23. prefix the Sign - to 
h and — d—b is the Quotient required. ^ 

'Exam. 3. Dividing — */«s by d% the Quotient is — », by 
Art 20 and 23. and for the fame Reafon dividing — a^y by 
d zl the Quotient is — y, which placing after — », we have 
^_ w y, the Quotient required. 

Divide maz + mzd ~dab-dby — azx — azh 

By — mz ^ £^ az 

QuouenT~—a — d — a—y —x — h 

The Truth of thefe Operations are likewife proved from 
multiplying the Quotient by the Divifor, and if it agrees with 
the Dividend in its Quantities and Signs, the Work is true, 

otherwife not. . . 

25 C<y/* 3. But when there are Co-efficients joined to the 
Quantities, divide the Co-efficients as in common Arithmetic ; 
zuTd to their Quotients join the Quotient of the Quantities found 
by the foregoing Directions ; but cautiouily remember, that if 
the Sicrns of the° Quantities that are divided are alike, the Quo- 
tient mult have the affirmative Sign, as at Art. 20. but if the 
Sicrns of the Quantities that are divided are unlike, then the 
Quotient muft have the Sign — prefixt to it, by Art. 23. 

Exam. I. Exam. 2. 
Divide 16 am 8ys 

By 2 a _ . 2z . n 

Quotient irn 47 
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Exam. 3. 
— 24. dm 
-r- 6 d 


Exam. 4. 

— 18 ma 

— 6 a 


4/w 


im 
Exam. 



3* 



ALGEBRA. 



Exam, 7. 


Exam. 8, 


2872: 


-^-ltda 


— iy 


1 a 



Exam. 1. Dividing 16 by 2 the Quotient is 8, andaw di- 
vided by a the Quotient is m, joining 8 to the m it is 8 m, and 
as 16 am and 7. a have the fame Sign, hence by Art. 20. the 
Sign + mufl be prefixt to 8 m 9 therefore the Quotient is -{- 
Sm or Sm. 

Exam. 2. Dividing 8 by 2 the Quotient is 4, and dividing 
y z by z the Quotient is y, joining the 4 to the y it is 4^; 
but as Syz and 2 a have the fame Sign, therefore by Art. 20. 
prefix the Sign -}- to 4^, hence -J- \y or 4^ is the Quotient 
required. 

Exam. 3. Dividing 24 by 6 the Quotient is 4, and dividing 
^zrc by d the Quotient is m± joining 4 to the m it is 4 w; but 
as 24. dm and 6 </ have the fame Sign, prefix the Sign -j- to 4 m 9 
hence -f- 4 m or 4 w is the Quotient required* 

Exam. 4. Dividing 18 by 6 the Quotient is 3, and dividing 
ma by a the Quotient is m, joining 3 to the m it is 3 m, and 
as 1$ ma and ba have the fame* Sign, therefore by Art. 2C*,_ 
the Quotient is -f- 3 w or 3 w. 

Exam. 5. Exam. 6. 

Divide —1507 — 8iw 

By 3 * — 4 i 

Quotient — • 57 2 m — 42; — 4^ 

Exam. 5. Dividing 15 by 3 the Quotient is 5, and dividing 
ayby a the Quotient is_y, joining 5 to the y it is 5^, but as 
the Signs of 15 ay and 30 are different, therefore by Art. 23. 
prefix the Sign — to 5 jv> and — 5^ is the Quotient re- 
quired. 

Exam. 6. Dividing 8 by 4 the Quotient is 2, and dividing 
dm by d the Quotient is w, joining the 2 and 772 it is 2m; but 
as 8 dm and 4^ have the fame Sign, prefix the Sign -}- toa^ 
by Art. 20. and -f- 2 #2 or 2 zw is the Quotient required. 

Exam. 7. Dividing 28 by 7 the Quotient is 4, and dividing 
^2 byjK the Quotient is 2, joining the 4 and 2 it is 4 z ; but as 
28^2 and jy have different Signs, therefore by Art. 23. prefix 
the Sign -7- to 4 2, fo will — 4 z be the Quotient required. 

Exam* 8. Dividing 12 by 3 the Quotient is 4, and dividing 
da by a the Quotient is d, joining the 4 and d it is 4^; but as 
the Signs of 12 ^/^ and 3 d are different, therefore by Art. 23. 
prefix the Sign •*-* to 4^, and then — - %d is the Quotient 
required* 

Dividg- 
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39 


Divide 


— 22 am lSdza —22ymn 


lbax 


By 


— 8 m q a ii y n 


-■■— 8z 


Quotient 


44 2dz — 2m 


— %a 




26. And if there are two or more Quantities connected toge- 
ther with Co-efficients, to be divided by any fingle Quantity and 
its Co-ei5cient, the Operation is ftill performed in the fame 
Manner, connecting the particular Quotients as at Art. 22, and 
240 ftill .carefully remembering that when the Quantities that 
are divided have like Signs, whether affirmative or nega- 
tive ^ the Quotient muft have the affirmative Sign ; but if the 
Signs of the Quantities that are divided are unlike, then the 
Quotient muft have the Sign — prefixt to it. 

Exam. I. Exam. 2. 

Divide 4 a m-\- 12 ad — \£> my\2& t m% 
By 2/7 . — 4m 

Quotient 2 m -f- 6 d ' 4 y — 6 z 

Exam. 1 . Dividing \am by la the Quotient is 2 m, by 
Art. 25. and dividing 12 ad by 2 a the Quotient is 6 ^, and 
becaufe the Signs of 2<? and 12 ad are alike, prefjx the Sign -}- 
lo 6^, and we have 2m-\-bd > the Quotient required. 

isAwrc. 2. Dividing — i6w_y by — ^m the Quotient is 4^ 
ty Art. 25. for the Signs of 16 my and 47/2 arealike, and 
dividing 24 m z by — 4 w the Quotient is — 6z, for 6 s muft 
have the negative Sign prefixt to it, the Signs of 24 m z and 
4/tf being unlike ; hence 4y — 6 z is the Quotient required. 

Exam. 3. Dividing 28 dn by yd the Quotient is 4??, or 
-]~ 4 ?z, for the Signs of 2% dn and 7 </ are alike : and dividing 
■ — 21 d b by j d the Quotient is — 3^, for 3 b muft have the 
negative Sign prefixt to it, as the Signs of 21 db and yd arc 
unlike, hence 4/2— 3 b is the Quotient required. 

Divide i6pa — 28 p d — 24 r nm-\-7fi>7nz 16 zu — ^.zd 

By < — 4- £ - — j .m 2 z 

Quotient — ^a-\-yd bn — 9s Su — 2d 

The Truth of thefe Operations are proved likewife from mul- 
tiplying the Quotient by the Divifor, for if the Work is true, 
the Produ6t will agree with the Dividend in its Quantities and 
Signs : In the Jaft Example the Divifor is 2 s> and the Quotient 

is 8a-r2 d y now if we 

Multiply- 
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Multiply 8 u ■ — id 
By 2 a 

j5 zk — 4. z d the Produ& is the fame as 
the given Dividend, and fo may the other Examples be proved. 

27. Cafe 4. But when any Quantities in the Dividend are not 
the fame withthofe in the Divjfor, then place down the Dividend 
with its Signs and Co-efficients, under which drawing a Line, 
and after the Manner of Vulgar Fractions place the Divifor with 
ks Signs and Co-efficients, and this will be the Quotient 
required. 

Exam, J. Exam. 2. Exam. 3. Exam.i,. 

Divide b am 3m y idy 

By _f_ j , . z L. 

b am Zmy 2dy . 
Quotient — 



a 



Exam 1 Becaufe b and a are different Quantities, place 
down the Dividend *, under which draw a Line, and place the 
Divifor a, fo is A the Quotient required. 

Exam 2. Becaufe am and i are different Quantities, place 
down am the Dividend, draw a Line under jt, and place the 

Divifor d, fo is ^ the Quotient required. 

Exam. 7. Becaufe 3 w 7 and z are different Quantities, place 
down 3 my the Dividend, under it draw a Lme, and place z the 
Divifor, fo is 1^2 the Quotient required. 

Exam. l. Becaufe 2^7 and * are different Quantities, plaet 
down 2 dy the Dividend, draw a Line under it, and place b the 

Divifor, and *Jl is the Quotient required. 



Divide a«« S** 2I '?* S J' d 



By 32_ 



iy S d 3* 

QuotieDt—^. — 5d ?? 

2 Divide 
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Divide ma yd %mbc 24*/ 

By j y m z yd 1 y& 

Quotien * J^-rr ~ - ^ ... 

J y mz yd j y z 

28. When two or more Quantities conne&ed by the Signs 
+ or — are to be divided by any fingle Quantity, and the 
Quantities in the Dividend are different from thofe in the 
Divifor, then having fet down all the Quantities in the Di- 
vidend with their Signs and Co- efficients, jdraw a Line under 
tfhem all, under which place the Divifor as before, and this 
will be the Quotient required. 

Exam. 1. Exam. 2. Exam. 3. 

Divide ia-\-^b y y — 2 m 152 — 7 da 

By 5™ 3 n .. 4-y 

•Quotient 



2 a -h 3 b yy — 2 m \^z~ y da 



$m 3* 4y 

Exam. 1. Becaufe 2 tf ~}- 3 ^ the Dividend and 5 m the Divifor 
are different, therefore place down 2 a + 3 £, under which draw 

a Line, and place the Divifor 5 m> fo is a *" i H the Quotient 

Sm 
required. 

Exam. 2. Becaufe yy — 2 m the Dividend and 3;/ the Di<- 
vifor are different, therefore place down y y — - 2772, under which 

tdraw, a Line, and place the Divifor 3 ?z, fo is 11 2m the 

3* 

Quotient required. 

Exam. 3. Becaufe 1555 — 7 da the Dividend and 4^ the 

Divifor are different, therefore place down 15 z — y da the 

Dividend, under which draw a Line, and place \y the Divifor, 

r . K% — n d a . _ . ., 

io is ~£ ^.j the Quotient required. 

Divide 4^m — 3 d 
By 5 z 



j^. . 47/z # — ?d 
Quotient - — - — 

5* 



7 db — '5*2 


19 w — 15^ 


3-v 


1 y 


7 ^ Z> 5 A" Z 


1 9 w — - 1 5 p 


zy 


yy 


G 


Divide 
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Divide 3^% — 5^ jym — $dn l$dp-\- $y % — 17m 
By 2 y 5 u 7 /? 



Quot ent 



3^% — 5# 7_yw — 3</«" 2 c. ■•/ /> --p" 5 > s -'— 1 7 77* 



2jr l 5 « 7 a 



29. If there are two or more Quantities connected by 
the Signs r-f- or — *, to be divided by two or more Quantities 
connected by the Signs -f- or — , but the .Quantities in the 
Dividend are different from thole in the Divifor, it is only 
placing down the Dividend as before, under which drawing a 
Line, and place irV like Manner the Divifor, and this will be 
the Quotient required. 

Exam. 1. Exam. 2. Exam. 3. 

Divide 2a-\-m Sy — 74 *— *X4 W + 5 Z — XX # 

By 5^~\~ 3y 3 a 4" 2m 3 y ~^ 2 d 

^ . *ia-$-m $y — n'd -i-uw-f- '^z — 11 x 
Quotient — -L — . tUL i— — _l 1— ^-— . — *-* 

- 5 d +3y 3 a +^ m 3.? — ~ d 

Exam. 1. Becaufe the Quantities in the Dividend and Divifor 
are unlike, tbe.efore place down 2 a -\- m the Dividend with its 
Co-efficients and Signs, under which draw a Line, and place 

r d 4- 3 y the Divifor, fo is ; . the Quotient required. 

Exam. 2. Becaufe 5y — j d the Dividend is different from 
2 a -}- 2 #z the Divifor, therefore place down §y — > j d the 
Pividend, under which draw a Line, and place 3 a -f- 2 w the 

Divifor, fo is 12 I the Quotient required. 
3 a -j- 2 772 
Exam. 3, Becaufe — 14 ttz + 5 z — * * * the Dividend is 
different" f-rom 3 jy — -2^ the Divifor, "therefore place down 
— - 14 v/2 -f- 5 2 — 1 1 x the Dividend, draw a Line under it, 

r ' 1 r^r j — 1 4 w 4- 5 z — n x 
and place 3y — 2d the Divifor, and _ ^ 



3^' 



•2i 



is the Quotient required. 

Divide 4-fc — 5J — 21 /> ttz + 19 zy 14^2 — 9//*- 

£y ' JJf 4-2Z ^d -2b ' — 3 w '- 5 ;? 

Quotient J: 2JL — L - r — - v— — — — 

'>v .. 3^-1-22; Qd — 2b — 3/// -f- 5 ' 7 

, • • - Divide 



Hosted by G00gle 



DIVISION. 43 

Divide —4^7 + 5^ — 3d *r a ~\~3y — 5# 2 * + 3.y 

By 72 — 8y — jd-4-nm — 5% — 7 n 

. —A.ci-l- ^m — ^d Aa+ ^y — $x ?-«+3y 

Quotient — -/; •- ■ — • • ■ 

^ 7 % — oy • — 1 d -\- \i m > — 5 z •— 7 # 

30. It inay he juft obferved to the Learner, that when arty 
Quantify is divided by kfelf, or the Dividend and Divifor are 
alike, that then the Quotient will be Unity, or 1. And if the 
Signs of the Quantities to be divided are alike, the Quotient 
muft have the Sign -(- 5 but if the Signs of the Quantities to 
be divided are unlike, then to the Quotient, or J3 prefix the 



Sign — . 










Divide 
By 


2 a b 

2 a b 

I 


14 m n 
14 mn 


— 5 d z 

— 5 dz 


+ 7 y 

— ly 


Quotient 


1 


1 


*•— 1 



For by Art. 25. if we divide the Co-efficients, the Quotient 
will be Unity, or 1 j then, by Art. 20; rejecting all thofef 
Quantities that are alike, both in the Dividend and Divifor, 
the Quantities all vanifh, and there will be none to be joined to 
the Unity, or 1 ; whence, in fuch Cafes as thefe, Unity 9 or 1, 
is the Quotient required. 

It may be further obferved, that if an abfolute or pure 
Number is the Divifor, the Co-efficients in the Dividend, if 
there are more than one, mud be divided by the Divifor, and 
to each of thefe Quotients join the refpecTive Quantities of the 
Dividend, as at Aft. 26. 

Divide 2±ma-\-iSyz \6za-\- 2\ym + I 4J'^+35 S 
By _6 J — 7 

Quotient \ma-\*3yz 2za-\~3ym — 2yd — 52 

But if the Divifor will not exactly divide the Co-efficients of 
the Dividend, then place the Dividend and Divifor in the Man* 
ner of Vulgar Fractions, as in the foregoing Articles. 

The Method of dividing compound Quantities by one another^ 
where the Operation is continued as in common Arithmetic, 
being generally perplexing to Learners, it will be explained in 
the Method of folving Shtadratic Equations, this Divifion not 
bring neceiTary in the prefent Defign before we come to that 
Part of the Work. 

G 2 INVOLUTION. 



Hosted by G00gk 



E 44 I 



INVOLUTION. 



31. t T*\ HIS is only raifing of Powers from any given 
X. Root, and therefore is performed by Multiplication t 
For the Quantity which is given being multiplied by itfelf will 
be the Square of that Quantity, that Prod oft being multiplied 
by the given Quantity, this Product will 'be the Cube of that 
Quantity, and that Product multiplied again by the given 
Quantity, will be the fourth Power of that Quantity 5 and fo* 
on as in common Arithmetick. 

To find the Cube of a To find the Cube of b 



a 



b 



The Square of a a a The Square of b b b 

a b 

The Cube of a a a a The Cube of b b b k 



To find the Cube of - — — ■■ 2y 

iy 



And 4-yy multiplied by 2 y, the 7 „ h Q h f 

Produft will be by Art. 13. $ 0jy * tne CuDe ot 2 ? 

To find the Cube of 3 % 

3 Z 



Now 3 ^multiplied by 3 z, the! 9 zz the Squareof 3 * 
Produd will be by Art. 13. A y ^ ■> 



3 Z 



A o 9 /a ™ti Pll u d h L 3 ^ thC } 27 *»* thcCube of 3* 
Product will be by Art. 13. J ■ / ■ *> 

T* 
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To find the 4th Power of — - 2 x 



-2X 

Now 



ow — 2 x multiplied 1 

by — 2#, the Product > 4 x x the Square of ~ 2 x 

is by Art. 9. and 13. 3 — 2x 

And 4 xx multiplied by 1 

— 2 #, the Produd > — 8 x x x the Cube of — 2 x 
is by Art. 13. and 16. J — 2x 

And — 8 xx x multiplied 1 

by — 2^, the Product ? ibxxxx the 4th Power of — -2A% 

is by Art. 9. and 13.* J 

In like Manner any other fingle'Quantity may be raifed to 
any required Power, and if in the given Quantity there are more 
Letters than one, it is done in the fame Manner. 

To find the 4th Power of 2ab 
lab 



4. a a b b the Square of 2 a b 
2 ab 



Saa a bb b the Cube of 2 a b 

2ab 



\taaaabbbb the4thPower of 2ab. 

32* If there are two or more Quantities conne&ed by the 
Signs + or — , to be raifed to any given Power, it is ftili 
performed by common Multiplication. Two Quantities when 
connected by the Sign -[-, is commonly called a Binomial* 

To raife the Binomial \ 
or a + b to the third Power or Cube. 
a + b 

a a + ab the Prod, of a \ b multip. by a, by Aft. 10. 
a b -\-b b the Prod, of a-\~ b multip. by £, by Art. 10. 

aa-\-2ab-\-bb the Sum of thefe two Produces, or 
a -\- b the Square of a -j- b. 

a a a -\-2aab-\-abb the Product of a a -f- 2 abA- b b 
multiplied by a y by Art. 10. 

aab ! 2 a bb -\- bbb the Product of a a -f- 2a b -\-bb 
multiplied by b, by Art. 10. 

a aa-^-^aa b~\- ^a bb-\- b b b the Sum of thefe two Pro- 
duet?, or the Cube of a -f- b. 

When 
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When two Quantities are connected by the Sign — , it it 
commonly called a RefiduaL 



To raife the Rejidual^ 
or x — y to the third Power or Cube. 



xx — xy the Product of x — y multiplied by x. 
—xy -±-yy the Product of .*• — y multiplied by — y f 
xx — 2 xy-\-yy the Sum of thefe two Products, of 
the Square of x — y. 

*—y 

xxx — 2xxy -\~x yy the Product of xx — 2 xy-j-yy 
multiplied by x. 
—xxy + 2 xyy — yyy the Product of xx — 2 xy +yy 

multiplied by — y. 

xxx — Zxxy+Zxyy—yyy the Sum of thefe two Pro- 
duds, or the Cube of x — y. 

And if thefe compound Quantities have Co-efficients, the 
Work ftill proceeds as at Art. 18. 



To raife the Binomial, 

or 2 a + 3 b to the third Power* 
2a + sb 

4 a a-\- 6 a b the Product of 2 <? + 3^ multiplied by 2 rf. 
6a b -f-,9 £ b the Product of 2 a -}~ 3 Z> multiplied by 3 £. 

4tftf-f"i2tf£ + 9/>/> the Sum of thefe two Products, 

or the Square of 2 a -f- 3 b* 
*«+3t > 

8 aaa-f-24.aab-\-i8 abb the Product of 4. a a -f- 12 tf £ 

-j- 9 ^ £ multiplied by 2 #. 

\2aab-\-^ abb-\-2']bbb the Product of 4 # <? -f- 12 #£ 

-{- 9 b b multiplied by 3 b. 



%aaa~\-$baab*\- 54-abb -\-2j bbb the Sum of thefe two 
Products, or the Cube of 2 a -{- 3 b* 



T» 
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To raife 3 ?n -j- 2 ^ to the third Power. 
3 w -f- 2 y 

6;?z ,> + 4 y y 



g?n m -\~ 12 w^ -}- \y y the Square of 3^ -}- 2jf 
3 77z -{- iy 

27 wz ^^ + 36^ #zj> -^- 1 2 w^ j/ 
1 8 m m y -f- 24. m y y-{- 8 y y ^ 

27 ?nmm-\* S^mmy^Zbmyy-^tiyyy the Cube of 

3 ^ 4" 2 J» 
To raife a — 2 £ to the third Power, 

# — 2 £ 

# <? — lab 

• — 2 # £ -J- 4 £ & 



aa~ \ab^- ^bb the Square of a — 2 b 
a — 2b 

aaa — ^aa b -j- 4 a b b 

—Q.aab\-%abb — *hbh 

a a a — 6 aab-±- 12 a b b — 8 bbb the Cube of # — 2 £. 

In this Example I have placed the fame Quantities under 
each other, for the more commodious adding them, though this 
is not neceffary, and is a Knowledge the Learner will acquire 
from his own Obfervation. 



VOLUTION. 

33. f~F"^ H I S is the Extraction of Roots, and therefore op- 
1 pofue to Involution, and as Equations in which the 
unknown Quantity lifes above the Square are generally adfecled, 
and rejblved by t he Method of Converging Series, we fhall con- 
fidei the Square Root only ; and give fuch Direc~ticns that the 
Learner may generally know, whether the Square Root of fuch 
Quantities "as commonly occur in the Solution of Queftions can 
be extracted or not. 

N>>w \o many Times as any Letter is repeated, fo high is 
the Power of that Letter laid to be. Thus, a is a to the firft 
Power : a a is a to the fecond Power or Square ; and aaa a is a 
to the fourth Power, cjpV. as in Involution. 

2 And 
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And to extra£fc the Root of any fimple Quantity, confider how 
many Times the Letter is repeated, or how high the Power 
of it is, and if it appears to be the fecond, third, fourth, or 
any other Power, divide that Figure which exprefles the Hei^hth 
of the Power by 2, and if it does not divide it exa&Iy, it°is a 
Surd Quantity, and has no Square Root ; but if it divides it 
exa&ly, fet down the Quantity whofe Root you are extracting 
as many Times as the Quotient of the above Diviiion dire&s, 
and that will be the Square Root required. 

Exam. i. Exam. 2. Exam* ?. 

To extract the Square Root of a a bbb b bbbbbb 
The Square Root is a b b bbb 

Exam 1. Here a is repeated twice, or to the fecond Power ; 
now dividing 2 by 2 the Quotient is 1, therefore fetting down a 
once, or a> it is the Square Root required. 

Exam. 2. Here b is repeated four times, or to the fourth 
Power ; now dividing 4 by 2 the Quotient is 2, therefore fetting 
down b twice, or b b, it is the Square Root required. 

Exam, 3. Here b is repeated fix times, or to the fixth Power; 
now dividing 6 by 2 the Quotient is 3, therefore fetting down b 
three times, or b b b y it is the Square Root required. 

The Truth of thefe Operations are proved by Multipli- 
cation, for if the Work is right, the Square Root being multi- 
plied by itfelf will produce the Quantity from which the Root 
was extracted. Thus in Example 2, 

The Square Root is b h 

Which being multiplied by itfelf b b 

The Product is the given Square b b b b 
And fo of any other Example. 

Exam. 4. Exam. 5. 

To extracl: the Square Root of aaaa dddddd 

The Square Root is a a ddd 

Exam. 4. Here a is repeated four times, or to the fourth 
Power ; now dividing 4 by 2 the Quotient is 2, which fhows 
that a rciuft be repeated twice? that is, a a is the Square Root 
required. 

Exam* 
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Exam. 5. Here d is repeated fix times, or to the fixth 
Power ; now dividing 6 by 2 the Quotient is 3, which (hows 
that d mutt be repeated three times, and confequently ddd 
is the Square Root required. . 

And if the Quantity, whofe Root is to be extracted, has dif- 
ferent Letters, then confider if the Number of Times each 
Letter is repeated can be divided by 2 without any Remainder, 
and if they can, fet down each Letter fo many Times as the 
Quotient of the refpective Divifion dtrecls, and joining them, 
this will be the Square Root required ; but if the Number of 
Times any one Letter is repeated cannot be divided by 2, then 
the whole Quantity has no Square Root. 

Exam. 1. Exam. 2. Exam. 3. 

To extract the Square Root of aabbbb aaaadddd mmpp 
The Square Root is abb a add mp 

Exam. 1. Here a is repeated twice, and 2 being divided by 2 
the Quotient is 1, which {hows a muft be taken only once, or 
a. Now b is repeated four Times, or to the fourth Power, and 
4 being divided by 2 the Quotient is 2, which fhows b muft be 
repeated twice, or bb^ now joining a to b b> and a b b is the 
Square Root required. 

Exam. 2. Here a isrepeated to the fourth Power, and dividing 
4 by 2 the Quotient is 2, which fhows that a muft be repeated 
twice, that is, it muft be a a : Again, d is repeated to the fourth 
Power, and dividing 4 by 2, the Quotient is 2, which mows 
d muft be repeated to the fecond Power, or del. Now joining 
a a to d d, we have a a dd for the Square Root required. 

By the fame Method of reafoning we (hall find in Example 3, 
that the Square Root of mmpp is mp* 

■ But when it is found that the given Quantity has not fuch a 
Root as is required, then the Square Root of it is expreiled by 
prefixing this Sign <J before it. 

Exam. 1. 

Required jihc Square Root of a 
The Square Root is ^/ a 

Exam. 1. Becaufe a is only repeated once, and as we cannot 
divide 1 by 2, and have the Quotient a whole N umber, therefore 
I conduce a is a Surd Quantity, and accordingly, to exprefs the 

H Square 



Exam. 2. 


Exam. 3- 


bbb 


dd d d d 


x/bbb 


i^ddddd. 



Hosted by G00gle 



50 ALGEBRA. 

Square Root of a 9 prefix the Sign ^/ to it, fo is ^/ # the 
Square Root required. 

Exam. 2. Here b is repeated three times, and becaufe 3 
cannot be divided by 2, and have no Remainder, therefore I 
conclude b b b is a Surd Quantity, and to exprefs the Square 
Root of it, prefix the Sign *J to it, fo is <J bbb the Square 
Root required. 

Exam. 3. Here d being repeated five times, and as we cannot 
divide 5 by 2, and have no Remainder, therefore! conclude that 
dddd d is a Surd Quantity, and to exprefs the Square Root of 
it, prefix the Sign ^/ to it, {o\s^/ddddd the Square Root 
required. 

34. But to extract the Square Root of compound Quantities, 
or thofe connected by the Signs -\- or — , obferve, 

Firft, There muft be three Quantities to make it a Square, 
for a -|- b multiplied by itfelf, or fquared, the Product is 
a a -\- 2 ab -\- b b, by Art. 32. whence if there are only two 
Quantities it is a Surd. I take no Notice of any greater 
Number of Quantities than three, which may compofe a 
Square, as they feldom occur in any Operation. 

Secondly, Whether thefe three Quantities have two dif- 
ferent Letters only; there may be Cafes in which there are 
more than two different Letters in thefe three Quantities, but 
cs they feldom happen, I choofe not to perplex the Learner 
with them. 

Thirdly, If two of thefe three Quantities are pure Powers 
of thofe two Letters ; that is, in the Square of a -f- b there is 
a a and bb, pure Powers of the Quantities a and b. 

Fourthly, Whether both thefe pure Powers of the two dif- 
ferent Letters have the Sign -{- before them. 

Fifthly, If the third of the above three Quantities is twice 
the Product of the Square Root of the two pure Powers of the 
two different Letters, that is, the Square of a + b being 
a a -|- 2 ab -{- b b, the Quantity 2 a b is twice the Product of 
the Square Root of a a and bb, and this Quantity may have 
either the Sign -f- or — . 

Now if the given Quantity, whofe Root is to be extracted, 
anfwers thefe Particulars, its Square Root may be extracted thus. 

Sixthly, Extract the Square Root of the two pure Powers of 
the two different Letters, according to the Directions at Art. 33. 

Seventhly, If the Quantity mentioned at the fifth Particular 
has the negative Sign, connect the two Roots mentioned in the 
laft Particular with the Sign — , and it will be the Square Root 
required. 

Eighthly, 
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Eighthly, But if the Quantity mentioned at the fifth Particu- 
lar has the Sign -}-, then connect thofe two Roots with the 
Sign 4-, and this will be the Square Root required. 

Now let it be required to extract the Square Root of a a 
+ 2 a b -J- h b* 

Here are three Quantities by the firji Particular. 

They have Ijkewife two different Letters, viz. a and b 7 by 
the fecond Particular. 

Two of thefe Quantities, viz. a a and bb, are pure Powers 
of the two Letters a and b> by the third Particular. 

And both thefe pure Powers, viz. a a and bb, have the Sign 
-{-, by the fourth Particular. 

Now fuppofe, we neglect the Confideration of the fifth Parti- 
cular, and attempt the Extraction of the Root by the ftxth 
Particular. 

Then the Square Root of aa> is by Art. 33. « a 

And the Square Root of b b, is by the fame ■■■ b 

And now the third Quantity 2 a b being twice the Produft 
of the Roots a and b, and having the Sign -J-, 

Therefore by the eighth Particular, I connect a and b with 
the Sign -J-, then it is a -\-b 

Hence I fuppofe a ~\- b to be the Square Root of a a -f- 2 a b -f-bb. 

But to prove the Truth of the Operation, multiply the Root 
by itfelf, and if the Produft agrees with the given Quantity, in 
its Quantities, Signs, and Co-efficients, the Work is right; if 
not the Work is either erroneous, or has no Square Root, and 
is a Surd Quantity. 

The Root of the laft Example 1 \t 

was fuppofed to be J a * 

Which multiplied by itfelf a -\- b 

aa -\-a b 
ab + bb 



aa-\- 2 ab 4- b b 
The Product is the given Quantity, which proves that a -\~b 
is the Square Root of a a -\-2a b -\- b b. 

Required the Square Root of aa -\- %za -\- zz. 

Here are three Quantities by the firft Particular. 

They have likewife two different Letters, a and z, by the 
fecond Particular. 

Two of thefe Quantities, viz. a a and zz, are pure Powers 
of a and %, by the third Particular, whofe Square Roots are 
a and z. 

And both thefe Powers have the Sign -|- by the fourth 



P 



articular. 



H 2 Now 
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Now the third Quantity 1% a is twice the Product of a and 
%, the Square Roots of the two pure Powers *?# and zz. 

Then to extract the Square Root of aa-\-2za-\-zzhj 
the Jixth Particular. 

The Square Root of a a by Art. 33. is — — a 

The Square Root of zz by the fame is ■ z 

Becaufe the third Quantity 2 a z has the Sign +, therefore by 
the eighth ^ Particular, connect a and z with the Sign -J-, and 
« -f- z is the Square Root required. 



To try if <he Square Root is a -f- z 
Multiply it by itfelf a 4- z 



a a-\-az 
az-\-zz 

a a -\- 2 a z -\- zz 

The Product a a -f 2 a z -{- z %, agreeing with the given Quan- 
tity, in the Quantities, Signs, and Co-efficients, it appears 
that a -f- % is the Square Root required. 

To extract the Square root of mm — 2mp -\~ p p. 

Here are three Quantities by the firji Particular. 

They have likewife two different Letters ?n and p 9 by the 
fecond Particular. 

Two of thefe three Quantities, viz. m?n and pp are pure 
Powers of m and p, by the third Particular. 

And both theie Powers have the Sign -}-, by the fourth 
Particular. 

Likewife the third Quantity — 2 mp is twice the Product of 
m and p^ the Square Roots of the two pure Powers m m zndp p. 

Then according to the fixth Particular, the Square Root of 
m m is — m 

By the fame, the Square Root of pp is p 

But as the third Quantity 2 m p has the Sign — , therefore by 
the f eve nth Particular connect m and p with the Sign — , and 
7n — p is the Square Root required. 

To try if the Square Root is m — p 

Multiply it by itfelf m — p r 

in m — mp 
— mp + pp 



mm — > 2 m p -\-pp 



The Product mm — 2 m p -f- ppi agreeing in every thing with 
the.^iven Quantity, it proves m — p is the Square Root required. 

By 
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By the fame Method of reafoning it will be found that the 
Square Root of % z + 2 fc x + x x, is % + ***• 

And that the Square Root of a a — 2ad-\-dd^ is a — . d. 
And that the Square Root of x x — 2xm-\-mm 9 Isx — m. 
And if it was required to extract the Square Root of aa-\- b* 

h h 

-f- — , in extracting the Root of the Fractional Quantity 

*■ 
extract the Root of the Numerator for a new Numerator, and 

the Root of the Denominator for a new Denominator, 

Here the two pure Powers are a a and — . 

4 
But the Square Root of a a is — *— a 

And the Square Root of — is — — ._ 

4 2 

And connecting thefe we have — .*— a -J- Z. 

N 2 

The Square Root required. 

To prove the Truth of this Operation, multiply a -f t 

2 

byitfe|f, . b_ 

2 

« + -' 

2 



a a -f- — 
2 



ab bjb 
"2 4 



1 7 , bb 
a a \ a b -f- — 

4 

a multiplied by a the Product is a a, and — multiplied by a 

2 

is . — , (for making a an improper Fraction — as in common 

Arithmetic, and multiplying the two Numerators a and b for 
a new Numerator, and the two Denominators 1 and 2 for a 

new Denominator, we have - — ) and — multiplied by — pro- 

2 2 2 

duces — by the fame Rule ; and in the Products the F. -JJ^on* 
4 

-i-and — .having the fame Denominator, adding- them accord- 
Z 2 
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ing to the Rule for Addition of Vulgar Fractions in Aritrr- 
metic, the Sum is , but rejecting the 2 by the Rule for 

Divifion of Algehra the Sum is a b. 

Therefore when any one of the Quantities appears in z Frac- 
tional Manner, we muft extract the Square Root of both the 
Numerator and Denominator, placing the Square Root of the 
Numerator for a new Numerator, and the Square Root of the 
Denominator for a new Denominator, and try the Work as 
before. 

But if we cannot extract the Square Root of both the Nume- 
rator and Denominator, then we conclude the given Quantity 
to be a Surd. 

Now by this Reafoning we (hall find the Square Root of 

x x -\~ •** a + — 5 to be x + — • 

4 2 

And that the Square Root of m m — ■ my -f- 2!i, is m — Z.. 

4 2 

Suppofe it was required to extract the Square Root of 
xx -|- 2xn — nn> 

Here are three Quantities by the firjl Particular. 

They have likewife two different Letters, x and #, by the 
fecond Particular. 

Two of thefe three Quantities, viz. x x and n n\> are pure 
Powers of x and n. 

But both thefe Powers have not the Sign -f-> for it is — nn, 
therefore by the fourth Particular, I conclude that the given 
Quantity x x -f- 2 xn — n n is a Sard Quantity, and its Square 
Root cannot be extracted any otherwife than by prefixing the 
Sign y/ to it, as in Art. 33. Thus, ^/ x x -\- %xn — n n is, 
or expreffes the Square Root of x x -f- 2 x n — nn. 

Let it be required to extract the Square Root of aa-\- $ab~\-bb. 

Here are three given Quantities by theory? Particular. 

They have likewife two different Letters, a and £, by the 
fecond Particular. 

Two of thefe Quantities, viz. a a and b b> are pure Powers 
of a and b. 

And both thefe Powers have, the Sign -)- by the fourth Par- 
ticular. 

But then the third Quantity 5 ab is not twice the Product of 
the Square Roots of a a and bb\ for their Roots being a and b y 
if they are multiplied the Product is a b-, and that being multi- 
plied by 2 it is 2a h : Whereas the third Quantity in the given 

Example 
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Example is 5 a b. Hence, I conclude that a a -}- 5 ab -{- bb is 
a Surd Quantity, and t o exprefs its Squa re Root I prefix to it 
the Sign y/, fo will ^/ a a + 5 a b -f- b b be the Square Root of 

And if it was required to extract; the Square Root of 

a a + 2 a b -f- , it will be found a Surd Quantity, it being 

impoflible to extract the Square Root of 5, there fore prefix the 

Sign y/to #4 + 2fl * H > anc * tnen V^^ + 2 ^^+ — is the 

5 5 

Square Root required. 

For the fame Reafon the Square Root ofxx^-2xa-\~ — 
3 

h\/xx-\-2xa-\~ — , it being impoflible to extract the 

3 

Square Root of 3. 

When the Radical Sign or ^/ is to be prefixt to the Whole 
of any compound Quantity, draw the Top of the Sign over all 
thofe Quantities, which fhews that they are all included under 
that Sign j for if the Sign was not to be drawn over all of then?, 
it may be thought the Square Root of that Quantity was 
only to be extracted which ftands next the Radical Sign. 

To extract: the Square Root of aaaa-\-2aab-\-bb. 

Here are three given Quantities by the firji Particular, 

They have likewife two different Letters, a and £, by the 

fecond Particular. 

Two of thefe Quantities, viz. aaaa and bb^ are pure Powers 

of a and £, by the third Particular. 

And both thefe Powers have the Sign -f", by the fourth 

Particular. 

And the third Quantity 2 a a b is twice the Product: of the 

Square Roots of aaaa and b b. 

For by the Jixth Particular, the Square Root of aaaa is a a 
And by the fame, the Square Root of b b is — — b 
And as the third Term 2 aab in the given Quantity has the 

Sign +, by the eighth Particular connect a a and £, the two 

Roots of aaaa and bb, with the Sign -J-, fo is a a -f- b the 

Square 'Root of a a a a -J- 2 a a b -f- b b K 
' ? To 
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To prove which put down the 7 , , 

fuppofed Square Root J ■"" 

Which multiplied by itfelf aa-\-b 



a a a a -\- (iab 
a a b -|- bb 



aaaa-\-2aab + b b 



The Product a a aa -\- laab -\-bb^ agreeing with the given 
Quantity in every Particular, proves the Square Root to be as 
above. 

To extract the Square Root of y yyy — 2yy x + xx.' 

Here the, given Quantities agree with the firft five Parti-' 

culars as before. 

By the fixth Particular I find the Square Root of yyy y is y y 
By the fame, that the Square Root of x x is — — x 
But as the third Term — 2 yy x in the given Quantity has the 

Sign — , therefore by the feventh Particular I connect yy 2nd x 

the two Roots with the Sign — , and fay, or fuppofey^ — x to 

be the Square Root required. 

To prove which put down 7 
the fuppofed Root $ 

Which multiply by itfelf 



yy — x 

yy — x 




yyyy- 

— yyx + i 


■yyx 

X X 



The Product, agreeing with 7 n . 

, ' & . ° > yyyy — 2yyx-\-xx 

the given Quantity 3 j j> j * jj j 

By the fame Method we fhall find the Square Root of 
71 n rrn -f- 2 n n d -\- d d to be n n -{- d. 

And that the Square Root of xx x x -f- 2 x x yy +yyyy is 
xx+yy. 

And we fhall find that d d d d + 3 ddy -\-yy is a ,SW Quantity, 
and its Square Root muft be expreffed by prefixing the Radical 
Sign to it, thus ^/ d d d d -J- 3 ddy _| - yy. 

We fhall likewifefind that — p p p p + 2ppy-{-yy is a Surd 
Quantity, and to extract its Square Root, is only to prefix to it 

the Radical Sign, thus \/ — pppp-\- 2ppy + yy* 



Of 
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Of S U R D Qu ANTITIfS. 

THESE are fuch Quantities whofe Roots cannot be 
exactly extracted, and as they arife in the Refolution of 
Algebraic Queftions, we fhall explain fo much of enem only, 
as is necefiary to the prefent Defign. 

Addition of Surd Quantities, in which there are 
two Cafes. 

35. Cafe r. When the Quantities under the Radical Signs are 
alike, add the rational Quantities, or thofe which are without 
the Radical Sign together, by the Rules of Addition at Art. 
l -> 2> 3» 4» 5> 6, and to thi^ join the Surd Quantities, and 
this will be the Sum required. 

And if there appears to be no rational Quantities without the 
Radical Sign, then Unity, or 1, is always fuppofed to be the 
rational Quantity. 

Exam. 1. Exam. 2. Exam. 3. Exam. 4. 

To y/ am 2y/dy bm^/ d+a 5y\/dm + z 

Ad d J am y/dy A.my/d4>~a y %/ d m -f z 

Sum2y/ am 3\/dy lom^/d + a by^/dm + z. 

Exam. 1. There being no rational Quantities, therefore 
Unity, or 1, is the rational Quantity to each. Now 1 added 
to 1 makes 2, to which joining the Surd y/ am> we have 
2 y/ am 7 the Sum required. 

Exam. 2. The rational Quantities being 2 and 1, their Sum 
is 3, to which joining y/ dy we have 3 y/ dy, the Sum required. 

Exam. 3. The rational Quantities are 6 m and 4 m, which, 
being added mak e 10 re, to which joining the Su d y/d + a 
we have 10 my/ dm -{- a, the Sum required. 

Exam. 4. The rational Quantities are 5 y and j, which 
being added ma ke 6 y, to which joining the Surd \/ d m + z. 
we have 6 y y/ d m -f- 2, the Sum required. 

Exam. 5. Exam. 6. Exam. 7. 

To iSyd^ /z — x i$Zy/ da + p — 7 m y/~da —j 

Add $y d \/ % — x -3z v /^ + /> — 2m K / da—y 

Sum iSydy/z— ,x J2 Zy/ da -[-/> —gm^/Va^y 

Exam. 5, The rational Quantities 13^^ and 5 y d bein^ 
added make 18 y d, to which joining the Surd Quantity y/ z — x 
we have iSyd fz^x J the Sum required, 



Exam, 
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Exam. 6. The rational Quantities 152 and — 32: being 
added, their Sum by Art. 3. is 12 %, to which joining the Surd 

y/ d a -\- p we have 1 2 z s/ d a -f- />, the Sum required. 

Exam. 7. The rational Quantities — • 7 m and — 2 m being 
added make — q m, to which joining ^/ d a — y> we have 
— .gm^/da — y y the Sum required. 



To — 2y^/ma-\-m — i^m^/da — zp 16 dp 1/ 14. + p 

Add — *$y\/ ma ~\~ m jm\/da — zp — I2dp \/ 14 -j- p 

Sum — Sy\/ ma '^C m — 8m\/da — zp ^dp^ \\~\-p 

To $yi/zd — za 5y%/ m p-\~ x jz^ma — d 

Add ^yy/zd — za — \y \/ ' mp -f- x — Sz^/ma — d 

^xxm^y^zd — za y\/ Tn P J t x — z^/ma — d 

36. Cafe 2. When the Letters under the Radical Sign are 
different^ then place them down one after the other with the 
fame Signs they have in the Queftion, in the Manner as at 
Art. 6. and this will be the Sum required. 

Exam. 1. Exam. 2, Exam. 3. 
To y/ a \/ b -\- m ms/da+y 
Add K / b Vd-\-y m^/z . 



Sum -/tf-f-y^ V b-\~m\-\- ^ d-\-y m^/da -\- y : -f- m y/z 

Exam. 1. The Letters under the radical Signs being different 
put down ^/ a, then becaufe ^/ b has the Sign -f-> therefore after 
^/ a put +, after which put ^/b, and ^/ a -f- *J £, is the 
Sum required. 

Exam. 2. The Letters under the radical Signs being different 

put down ^/ b -f- m : after which place two Dots to (how that 

Surd goes no farther, then becaufe ^/ d + y has the Sign -f» 

therefore after the Quantity *J b -f- m : put -(-, and after that 

the Surd ^/ d -\- y, and we have ^/ b 4- m : + v/^+^ ^ e 
Sum required. 

Exam. 3. The Letters under the radical Signs being different 

put down m ^/ da -f- y : and becaufe the Quantity m ^/ z has 
the Sign -}-, therefore after m ^ da -\-y\ put the Sign -)-, after 
which put . tl e Quantity ?n ^/ z, and we have m ^/ da -\-y : 
-j- m aJ z y the Sum required. 

Exam^ 
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Exam. 4, Exam. 5. 

To y^/da ^- Sv /da~~y 

Add — x^/m — zm^ z. m 

Sum ys /da — z.y m —Sy/da—yi — rm^/xm 

Exam, 6. 



3y <jlh~—b 



^—im^/bz-^-n-.-^^y^/dz — b 

Exam. 4. The Letters under the radical Signs being different 
put down y <y da, and becaufe — z <J m has the Sign — , there- 
fore after y^/da put the Sign— , and after that the Quantity 
z v/ w ) an <* y v/ da — *\/m is the Surri required. 

Exam. 5. The Letters u nder the Radical Signs being different 
put down — 5 ^/da—iy : and becaufe — 2 m J z m has the 
Sign — , therefore after— 5 ^/ d a ^~y : put the Sign — , and 
after that the Quantity 2 m <J z w, and — 5 <y d a — y : 

— 2 m y/ z m is the Sum required. 

Exam. 6. Becaufe the Letters under the radical Sisris are 
different I put down — im y/ b z -f «, but 3 y ^/ d z — T 
having the Sign +, therefore after — 2 m ^/ b z +7/ : put the 
Sign -f , and afte r that the Quantity 3^ ^/ dz — b : and 

— 2^Zv/^^-^//;4-3^ ^^2; — ^is the Sum required. 

To — 5v/^* my/bma 

Add . 7v/^ 3v/^T+T 



Sum — 5v/^^ 4-7 ^/^ w ^/^ m " + 3\/yp+q 

T °— 3J f v / / ) + ^ H^y/ TT+ Tz 

Add ^^/i _7v/ z +/ > 

Sum — 37 y/p +r:+m ^/d 14 7/* j da+pz : +7 V *+/> 



Add 7 y v/ z w + « 



Sum — $y\/dp ~z : -f jy^/zm + a 

1 2 Subjlratllon 



Hosted by G00gle 



6o A L G E B RJ. 

Subjlraftioh of Surd Quantities, in which there are 
two Cafes. 

37, Cafe 1. When the Letters under the Radical Signs arc 
alike ) fubftracT: the rational Quantities from the rational Quan- 
tities by Art. 7. and to the Difference join the Surd Quantities, 
which will be the Remainder required. 

Exam. 1. Exam. 2. Exam. 7. Exam. 4. 

From 5y/da ^m^/mz i^y ^/d-f-z Zlpm^/ db — r 



Subftracl 3^/da im K /mz -$y ^/ d-\-z iqp m K /db — r 
Remains 2 ^/da ^m^/mz ny\/ d-{-z 2pm^/ db—r 

Exam. 1. The rational Quantities are 5 and 3, fubftra&ing 
3 from 5 there remains 2, to which joining the Surd y/ d a we 
have 2 ^/ da, the Remainder required. 

Exam. 2. The rational Quantities are 5 m and 2 w, fubftra£t r 
ing 2 ;w from 5 m there remains 3 w, to which joining the Surd 
^wzwe have ^m^/mx, the Remainder required. 

i?AWw. 3. The rational Quantities are 14;' and ^h fubftracl:- 
ing 3^ from 14^ there remains 11 y, to which joining the Surd 
K /d~\-~z we have 'iiyy/d-\-z> the Remainder required* 

Exam. 4. The rational Quantities are 21 p w, and 19 p m, 
fubftracling 19 pm from 21 p m, there remains 2 pm, to which 
joining the Surd ^/ d b — r we have 2 p m ^/ d b — r, the 
Remainder required. 

Exam. 5. Exam. 6. ^ xam j7' 

From jjd^/ba — sys / d-\-~a — ^m^/d^ab 

Subftraa— ±£s/b_a 3 y K /d+ a —bm^ /d+ab 

Remains 21 d \/ 'b a —% ys /d\a m </ d + a b 

Exam. 5. The rational Quantities are 17 </ and — 4 </.• 
Now to fubftraft — 4^ from 17*/, by the Rule for Subftradiori 
at Art. 7. change the Sign of — 4 4 or fuppofe it to be changed- 
then — \d becomes + ±d or 4 i; then by Art. 7. if we add 
17^ to 4^ it is 21 d y which is the Remainder that anfes by 
{ubftracline; — 4^ from ijd-, now to this 2id join the Surd 
*/£<?, and 21 d^/ ' ba is the Remainder required. 

Exam. 6. To fubftraa the rational Quantity 3^ from,. 
$y y we mull by Art. 7. change or fuppofe the Sign ot 3^ 



tQ 



Hosted by G00gk 



Of Surd Qjj antities, 



61 



to be changed, which will make it — %y: then by the fame 
Art. — 3^ added to — 5^, it is — Sy> which is the Remainder 
that arifes from fubftracling the rational Quantities, therefore 
to this — 8^ join the Surd Quantity y/ d -J- a, and — %y^/ d-\-d 
is the Remainder required. 

Exam, 7. Here the rational Quantities are — 5 m and — -6 m? 
and by the Rule for Subtraction Art. 7. if we fuppofe the Si^n 
of — 6 m to be changed, it becomes + 6 m or 6 m, and then 
■adding — 5 ;/z to 6 ^2 it is m, the Remainder anfing from fub- 
ftracling the rational Quantities ; and if to this m we join the 
Surd y/d-\-ab wehave m^/d -±- ab> the Remainder required. 



Exam. 8. 
From 2 1 in ^/ d -f- a 
SubftracT: gm^/dA-a 



Exam. 9. 



ixam. 10. 



Remains iim^/ d -\-a 

Exam. 11. 
Frofn — 4 a ^/ m — p 
SubftracV 2 a y/ ' m — p 
Remains 



— gdy/mn+p iiy^/d^ 

— id K / mn -\- p — 2y\/d- 

— jdy/mn-t-p 

Exam. 12. 

up s/ d —y 



1 5y*y d — an 



Exam, 



11. 



• — l p\/d — V 

*!Ps/ d —y 

Exam. 15. 



^a./x+y 



« — 21 Jap* 



— g J ap 



— 8 tfv/#-|-j 
Exam. 16. 

7 V /V a — %. 



12 Jap — ax ■ — 2i^/V<3~ 



Exam. 14. 
From 7 <z y/ ap 
Subftraft la K /ap 
Remains S a \/ a P 

The Truth of thefe Operations are proved as in Sub/traclion 
of common Numbers. Thus at Example 1. the Remainder is 
2^/da, and the Quantity fub ft racked was 2\/ da -> now if 
we add thefe together by Art. 35. the Sum is 5 ^/ da, which 
being the fame Quantity from which ^ \/ d a was fubifracledj 
it proves the Woik to be true. 

Again, at Example 6. the Remainder is — 8 y y/ d -\- a :the 
Quantity fubftra&ed was 2 y \/ ci ~^~ a : Now by Art. 3^. if 
to — 8 y y/ d -j-tf we add 3y\/d-\-a, the Sum is — <^y % / d-\-a y 
which being the Quantity from which 3 y y/ a -\- a was fub- 
irraded, it proves the Work to be true. 

3 38 Cafe 
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38. Cafe 3. When the Letters under the radical Signs are 
different, fee them down one after the other, as at Art. 36. 
but in fetting them down take Care to change the Signs of thof£ 
Quantities that are to be fubftracled, by Art. 7. and this will 
be the Remainder required. 

Exam, I. Exim. 2. Exam. 3. 

From ly/da im^/dp Sy\/ a 

Subftracl 2\/ m y \/ z — 3 v/ ^ 



Remains 2^/da — 3 <J m 2m K /dp — y ^ % 5:Vv/*+3\/^ 
Exam. 1. The Letters under the radical Signs being different 
place down 2 ^/ d a, and becaufe 3 y/ m the Quantity to be 
fubftracled has the Sign -j-j therefore after 2 y/ d a place 
the Sign — , and after that the Quantity 3 y/ m, and 
2 ^/ d a — 3 y/ m is the Remainder required. 

Exam. 2. Becaufe the Letters under the radical Signs are 
different put down 2m y/ dp, and becaufe y^/z the Quantity 
to be fubftracled has the Sign -}-, therefore after 2 m y/ d p 
put the Sign — , and after that y y/ z, and 2 m^/ dp — y y/ z 
is the Remainder required. 

Exam. 3. Becaufe the Letters under the radical Signs are 
different put down5y v /tf, but as — 3\/b the Quantity to 
be fubftracled has the Sign — , therefore after $y y/ a put the 

Sign 4-» ar >d a ^ ter tnat Z\/~K anc * sy \/ a 4" 3 \/ & 1S tne 

Remainder required. 

Exam. 4. Exam. 5. 

From m^/da + p — 5y\/ a 

Subftracl 2 K /a — d^/b 



Remains m^/da +p : — 2 y/ a — 5^\/^+^/^ 

Exam. 6. 
From 5 m y / a 
Subftraa— %^/p + q 



Remains 5 my/ a + % y/ p -f- q 

Exam. 4. Becaufe the Letters under the radical Signs are 
different put down m-y/ da -f-/>, but as 2^/j the Quantity to 
be fubftracled has the Sign -j-j therefore after m </ d a -f- p put 
the Sicrn — , and after that 2^/a y and my/ da -\-p\ — 2 / a 
is the Remainder required. 

Exam. 
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~Exam. 5. Becaufe the Letters under the radical Signs are 
different put down — - 5 y ^/ a, but zs—d^/b the Quantity to 
be fubftra&ed has the Sign — , therefore after — 5^ y/ a put the 
Sign 4., and after that dy/b^ and — $y\/ a -f- d y/ b is the 
Remainder required. 

Exam. 6. Becaufe the Letters under the radical Signs are 
different put down 5 m^/a, but as — z y/ p -f q has the Sign 
— before it, the refore after 5 my/ a put the Sign ~ r , and after 
that Zy/p + q , and 5^/^ + z y/ f+Jis the Remainder 
required. 

From 5v /7+7 my/p 

Subftraft m y/y _ y ^ /da — p 

Remains 5 ^/ a + p : ^ m^/y m^/p+y^/TT^p 

From Zu^ /d+p ^ sns/da 

Subftraa zn^/z — y _ 3 ^ m 



Remains 3« v /rf + p: — 2» v /«_ i y — 5« v /i^ + 3v / w 
From — 5v/7T^ 14 v/^* 

Subftraft 3*y/^ 7v/ 7T} 

Remains— 5v /^q^:_ 3 „ v/ ^ 14 v^* - 7 v/f+> 

The Truth of thefe Operations are proved in the fame Man- 
ner as in the laft Article, by adding the Remainder to the 
Quantity that was fubftraded ; and if their Sum makes the 
Quantity from which the other was taken, the Work is true 
if not, there is a Miftake. * 

Thus at Example r. the Remainder is z./da*—? /™ 
To which if we add the Quantity 1 V 

fubftraded y \ ~Z\/m 

The Sum is 2^/ da, the fame in "~ •• 

the given Example. For in this 2 v/ 'd a 

Addition, adding + 3> / lw to-3 v / Wj the Co-efficients and 
Quantities being the fame and the Signs contrary, they deffrov 
one another, or the Sum is nothing, by Art. 5 

H*m*\Exampl$ s . the Remainder is — cy./a-W /k 
To which if we add the Quantity ? *' v' * +*v/* 

fubftraaed ; f — d y/ b 

The Sum is — $ ys /a, the fame " • 

as in the given Example. For here ~ 5\/* 

~*v">ciiig add€d iQ J v /bot+ dy/b> they deftroy one 

another 
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another as in the Jaft Inftance. In like Manner the Reader 
may prove any of the other Examples. 

Multiplication of Surd Quantities, in which there 
are two Cafes. 

39. Cafe I. When there are no rational Quantities but Unity 
joined to the Surd Quantities, then multiply the Surd Quantities, 
as in Multiplication of rational Quantities, but to their Product 
prefix the radical Sign. 

Exam. r. Exam. 2. Exam. 3, Exam. 4. 

Multiply y/ a ^/mn \/ p y y/xx 

Product <yam y/ m n d \/py* \/ *> x a 

Exam. 1. Multiplying a by m 9 the Product is a m, to which 
prefixing the Sign y/, we have ^/ a m the Product required. 

Exam. 2. Multiplying m n by d> the Product is m n d, to 
which prefixing the Sign ^/ y we have ^/ mn d y the Product 
required. 

Exam. 3. Multiplying py by 2, the Product is p y z, to 
which prefixing the Sign y/, we have ^/ p y z, the Product 
required. 

Exam, 4. Multiplying z x by a y the Product is z x a, to 
which prefixing the Sign y/, we have ±/ z x a> the Product 
required. 

Exa?n. 5. Exam. 6. 

Multiply y/ p a \/ % y 

By \/ * \/x 



Product y/ p a z \/zyx 

Exam. 7. Exam. 8, 

Multiply y/ a -f- b y/mn — 



Product \/ a y -{- y b ^/ mna — a z 

Exam. 7. Multiplying a 4- b by y, the Product is ay -\- y b y 
by Ait. 10. to which prefixing the Sien ^/, and drawing it 

over all the Quantities, we have y/ ay + yb, the Product 
jequned* 

Exam* 



Hosted by G00gle 



Of Sod Qjj antitius, 65 

Exam. 8. Multiplying mn — z by a the Product ismna 
•"-aZ) by Art. io and 16. to which prefixing the radical Sign 

as in the laft Example, we have ^/m na-^*az the Product 
required. 

Exam. 9. Exam. id. Exam. II. . 



Multiply iSap + z \/az — ap ^/d—y 

B y *Sy ^/ m s/P 



Product ^/ apy -\- y z ^/azm — apm \/dp — py 

Exam. 9. Multiplying #/> -f- z by y> the Product is a py'+yz, 

to which prefixing the radical Sign, we have \/ apy -{-y z the 
Product required. 

Exam, to. Multiplying az— -ap by m 9 the Product is a z m 
«— - a p m, to w hich prefixing the radical Sign, we have 
^/ azm — apm the Product required. 

Exam. 11. Multiplying^—^ hyp, the Product is dp — py, 

to which prefixing the radical Sign, we have \/dp — py the 
Product required. 

Multiply v / ab y/zy - \/ap—z 

B y .V a —P y/d + y <yd 



Vvod[i&\/aab — abp \/zyd-\-zyy y/ apd—.dz 

Multiply y ' ap-\-z * J ay J m 

% V m <J d — z Ja — py 



Product *J apm--\-zm *Jayd — ayz s / ma — mpy 

40. Cafe 2. When there are rational Quantities joined to the 
Surds, then multiply the rational Quantities together as in Mul- 
tiplication of rational Quantities, after which multiply the Surd 
Quantities together by the laft Article, and joining thefe two 
Products, this will be the Product required. 

If there are no rational Quantities prefixt, then Unity, or I, 
is always fuppofed to be the rational Quantity. 

Exam. 1. Exam. 2. Exam. 3. Exam. 4. 

Multiply a^/m ap^z Zs/mn ^/rnp 

By d ^/y ^y/ a *y/p y*/d 

Product ads/ my 2ap ) /za 2 a \/ mn P y^/mpd 

K Exsxu 
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Exam. I. Multiplying the rational Quantities a and d, th« 
Product is ad, and multiplying the Surds ^/m by y/y^ the 
Product is y/ m y by Art. 39. joining this to the rational 
Quantity a d y we have a d ^/ m y 9 the Product required. 

Exam. 2. Multiplying the rational Quantities a p by 2, the 
Product is 2tf^, and multiplying the Surds \/ £ by \j a 9 the 
Product is aJ za by Art. 39. joining thefe, and 2 a p <J % a\$ 
the Product required. 

Exam. 3. Multiplying the rational Quantities 3 . and a, the 
Product is 3 a y and multiplying the Surds y/ mn by ^/ p 9 the 
Product \§ ^/ m n p 9 by Art. 39, joining thefe we have 
3 a, y/ m np y the Product required. 

Exam. 4. Multiplying the rational Quantities y and 1, (for I 
is the rational Quantity of y/ mp 9 there being no rational Quan- 
tity prefixt) the Product is y, and multiplying the Surds y/mp 
by y/ d, the Product is ^/mp d by Art. 39. and joining thefe 
we have y s/ mpd 9 the Product required. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

Multiply amy/p y\/pq my/ip 2tfv/3* 

By Zy/d a\/z 4y^y 3^\/0 

Product amzy/pd yd^/pqz ^my^/Zpy 6 a d ^/ 12 z y 

Exam. 5. The Product of the rational Quantities is a mz, 
and the Product of the Surds is *J p d> thefe being joined we have 
amz J pd, the Product required. 

Exam. 6. The Product of the rational Quantities \s y d, and 
the Product of the Surds is \/ pqz-> thefe being joined we 
havey d^y p qz 9 the Product required. 

Exam. 7. The Product of the rational Quantities is 4 m y, 
and the Product of the Surds is ^/ 2 py, thefe being joined we 
have 4 my \/ 2/>y, the Product required. 

Exam. 8. The Product of the rational Quantities is 6 a d y 
and the Product of the Surds is ^/ 12 zy y thefe being joined we 
have 6 a d s / 12 zy, the Product required. 

Exam. 9. Exam. 10. Exam. 11. Exam. l<2. 

Multiply yv//> ^/mn 2^/dx 3^/22 

By Vg *x/,y y/g 5v/7.y 

Product y^x/p* ay/mny 2^/dxz ^5\/^^y z 

Exam, 
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Exam. 13. Exam. 14. Exam. 15. 

Multiply m ^/a+y- ds/m —p % a^/ap + z 

By a K /p n/£ *\/y 9 



Produa may/ap-\-py dy^/md—pzd ax^apy+yz 

Exam. 13. Multiplying the rational Quantities m and a, the 
Produa is m a, and multiplying a + y by />, the Produa is ap 
+ py, but prefixing to this the Sign ^> becaufe they are 
Surds, we have ^ ap +py for the Produa of the Surds, which 
joining to m a the Produa of the rational Quantities, we have 
ma^/ ap +py<> the Product required. 

Exam. 14. Multiplying the rational Quantities d and y> the 
Product is dy> and multiplying the Surds ^/m — pzby^/d, 
the Produa is s/md — pzd, which being joine d to dy> th e 
Produft of the rational Quantities, we have dy / md — p z d> 
the Product required. 

Exam. 15. The Prodi*& of the rational Quantities is a x y and 

the Product of the Surds is ^/ a py + y %, thefe being joined 
we have a x ^/ apy-t- yz, the Produa required. 

Exam. 16. Exam. 17. 



Multiply am^/py + d 2 x /am—y 

By y y/g <*k/P , , 



Produft amy^/pyz-\-zd za^/amfm-py 

Exam. 18, 
Multiply m y //> d 
By ^n/^~ g 

Produa ma^/pdd — pda 

Exam. 16. The rational Quantities o and y being multi- 
plied, the Produa is a my, and py + d being multiplied by 2, 
the Produa xspyz + zd; but before it prefix the radical Sign, 
becaufe thefe Quantities are Surds, then it is y/ ^z + z^ 
joining this to the Produft amy, we have amy </ py z + zd, 

the Produa required, 

K 2 Exam. 
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Exam. 17. The Product: of the rational Quantities 2 and a 9 

is 2 tf, and the Product of the Surds is y / amp — py : joining 

thefe we have 2 a \/ amp — py, the Product required. . 

Exam. 18. The Product of the rational Quantities m and a, 
is ma> and pd multiplied Into d — a 9 hpdd — pda> to which 
prefix the radical Sign, becaufe thefe are Surds, and this becomes 

*/ pdd — pda 9 now joining it to m #, we have ma ^pdd — pda, 
the Product required. 



Multiply a^/p — y 3^/m^-n ^/n + b 

By 2b v /m, i^/$a a^/z 



Product ia\/ bpm—my 6^/ §ma — $na a^/znJ^zb 



Multiply 2^r v /3)' + 2; ys/P^x 

By b s/ d 2 m \/ a 



Pioduct 2 ab lS /2>y d-^-dz ^yms/pa^-az 



Multiply $s/ y — x 
By 2 a \/ /lb 



Product l$a ^/ zby— %b x 

Qivifion of Surd Quantities, m which there are 
two Cafes. 

41. Cafe 1. When there are no rational Quantities joined 
with the Surd Quantities, reject; all thofe Quantities in the 
Dividend and Divifor that are alike, as at Art. 20. and fet 
down the Remainder, to which prefix the radical Sign, and . 
this will be the Quotient fought. 

Exam. 1. Exam. 2. Exam. 3. Exam, 4. 
Divide ^/mn ^/ 'm a ^/ a b d ' ^/abd 

Quotient v / n ^ m ^/ d \/ b d 

Exam. J. Becaufe m is in both Dividend and Divifor, 
reject it, and place down n the remaining Part of the Dividend, 
to which prefixing the radical Sign, and y' n is the Quotient 

required. 

Exam, 
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Exam. 2. Becaufe a is in both Dividend and Divifor, rejeft 
it and place down m the remaining Part of the Dividend, 
to' which prefixing the radical Sign, we have ■/ m, the Quotient 

req l!«ww 3 Becaufe ah is in both Dividend and Divifor, rejeft 
it and place down d the remaining Part of the Dividend, to 
which prefixing the radical Sign, we have ,/d, the Quotient 

* t(V Exam 4. Becaufe a is in both Dividend and Divifor, reject 
it and place down b d the remaining Part of the Dividend, to 
which prefixing the radical Sign, we have -J b d, the Quotient 
required. 



Exam, 5. 


Exam* 6. 


Exam. 7. 


Exam. 8. 


Divide >/ m L *y 


V bzd 


/ bzd 


V yP a 


By <J y 


J bd 


\/ zd 


Vyp 



Quotient V m d V ' z *J b V ' a 

Exam. 5. Becaufe y is in both Dividend and Divifor, rejeft 
it, and place down md with the Sign V before it, and *J md 
is the Quotient required, . 

Exam, 6. Becaufe b d is in both Dividend and Divifor, reject 
it, and place down z with the Sign ^ before it, and yj z is 
the Quotient required. 

Exam. 7. Becaufe zd is in both Dividend and Divifor, reject 
it, and place down b with the Sign / before it, and we have 
J by the Quotient required. 

Exam. 8. Becaufe yp is in both Dividend and Divifor, rejecl: 
it, and place down a with the Sign / before it, and ^ a is 
the Quotient required. 

Exam. 9. Exam. 10. Exam. 11. Exam. 1 2. 

Divide v/a*** i/»^ V/W* v^/ 

By y/* y^,- K/d \/ ad _ 

Quotient ^ /* a \/ d v/ J z V b 

Exam. 13. Exam. 14. £***». 15. 



Divide v/*ro+^ \/Py—P n ^/^ — *//* 

By v/* s/P ^ h 

Quotient s/~m+l> s/ * ~ n */~d — m 

Exam. 
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Exam. 13. If we divide am-\- ap by a, the Quotient is 
m -f p by Art. 22. but bec aufe they are' Surds, prefix the Sign 
y' to m -f-^, and ^/ w -)~ /> is the Quotient required. 

Exam. 14. Dividing />y — pn by p y the Quotient is y — *, 
by Art. 22 and 24. to which prefixing the Sign y/, we have 
ij y — w, the Quotient required. 

Exam. 15. Dividing £<i — b m by £, the Quotient is d*—m 9 
b y Art. 2 2 and 24. to which prefixing the Sign ^, we have 
jj d — my the Quotient required. 



Divide 
By 


sy bn -f- ba 


Quotient 


- V n + a 


Divide 

By 


^/zx — zy 



s/ mx 

<ym 


— ; 


md 


y/x- 


d 




y/ aa 


' + 


ay 



\/ n% — np 



\/ 'b d — bm 

Quotient y/ x — y \/ d -j- y y/ d — m 

The Truth of thefe Operations are proved by multiplying the 
Quotient by the Divifor, for if that produces the Dividend, the 
Work is true, otherwife it is erroneous. Thus in Example 2, 
Page 68. the Divifor is 1/ a, and the Quotient is ^ m, which 
being multiplied by Art. 39. the Product is *J ma y the given 
Dividend. 

And at Example 6, Page 69. the Divifor is <J b d, and the 
Quotient is y/ 2, which being multiplied by Art. 39. the Product 
is % l b z d y the given Dividend. 

And at Example 13, the Divifor is \/ a^ and the Quotient is 
t/m-\-p-> which being multiplied by Art. 39. the Product \s 
S a m J^ a p, the given Dividend 5 in the fame Manner may 
any of the other Examples be proved. 

42. Cafe 2. When there are rational Quantities joined with 
the Surds, divide the rational Quantities by the rational Quan- 
tities, by the Rules in Divifion of rational Quantities ; and to 
their Quotient, join the Quotient of the Surds found by thelaft 
Article, which will be the Quotient required. 

Exam. 1. Exam. 2. Exam. 3. Exam. 4.. 

Divide ay^/mn bm-\-yz yd^/az ma^/ayn 

By a s /m m y/ 'z y s/ a o^/ ay 

Quotient y x/ n b y/ y d%/z niy/n 

1 Exam, 
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Exam. 1. Dividing the rational Quantities ay by a y the 
Quotient \$ y by Art. 20. and dividing / m n by *J m, the 
Quotient is ^/w by Art. 41. now joining y to y/ n, we have 
y y/n, the Quotient required. 

Exam. 2. Dividing the rational Quantities, b m by m, the 
Quotient is b by Art. 20. and dividing y/j 2; by /z, the 
Quotient is y/ y by Art 41. now joining b and ^/^ we have 
b y/ y y the Quotient required. 

Exam. 3. Dividing the rational Quantities yd by 7, the 
Quotient is ^ by Art. 20. and dividing / a % by / a y the 
Quotient is </ z by Art. 41. now joining d and ^/ z, we 
have d / z> the Quotient required. 

Exam. 4. Dividing the rational Quantities m a by a, the 
Quotient is m by Art. 20. and dividing /a y n by / ay y the 
Quotient is y n by Art. 41. now joining m and v/tf, we 
have m y/ n y the Quotient required. 

Exam. 5. Exam. 6. Exam. 7. Exam.%. 

Divide ay n/ mn mn/xay xa/nd dzy/anp 

^ ayy/ m n^/xy a ^/ n z K / a n 

Quotient h^w ^v/* *v/^ ^v/^ 

Exam. 5. Dividing the rational Quantities tf^ h by a y^ the 
Quotient is n by Art. 20. and dividing y mn by y/ m y the 
Quotient is ?z by Art. 41. now joining n and ^/ n> we have 
# v^ 72 * the Quotient required. 

Exam. 6. Dividing the rational Quantities ran by «, the 
Quotient is m by Art. 20. and dividing y/ xay by v/*.)'' tne 
Quotient is ^/^ by Art. 41* now joining m and >v / <z* W£ 
have m y/ a y the Quotient required. 

Exam. 7. Dividing the rational Quantities x a by a, the 
Quotient is x, and dividing y/ « d by ^/ «, the Quotient is 
Y/Vby Art. 41. now joining x and ^/ </, we have x y/ d* 
the Quotient required. 

Exam. 8. Dividing the rational Quantities dz by z, the 
Quotient is d y and dividing y a np by y ^ ^, the Quotient is 
\//> by Art. 41. now joining */ and v/p> we ^ ave & y P* 
the Quotient required. 

Exam* 9. Exam, 10. Exam, n. Exam. 12.. 
Divide ^mn^/ab mys/az dn^/xy Qaiiy/rd 

% 7. my/ a . Jy/z » y/ * 4_f\/ r 

Quotient 2 » y/ 1 ^ 7/2 ^ a ^ v / ; , ~T^/d 

Exam* 
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Exam. 13. Exam. 14. Exam. 15. Exam. 16, 

Divide mxy/p q ^an^/rd xzy/myp rm^/dz 

By Xy /p g^/d *Jmy rjd 

Quotient ms /q A-n^/r Xs /p ~ "7^7^^ 

ii*tfw. 17. jEjwwh. 18. Exam. 19, 

Divide aia^^+TJ ^v/»^ + a'« Jayx/'ym + yr 

Quotient » ^ + x y ^/T+Z y ^ m~~+? 

Exam. 17. Dividing the rational Quanti ties m n b y m, the 
Quotient is » by A rt. 20. and dividing y/ap^ax by y/ a 9 
we have v//)-!-* by Art. 41. and joining » and y/p + x \ 
we have n v //> + *, the Quotient required. 

^£7w. 18. Dividing the rational Quantities y p by p, the 
Quotient is j by Art. 20. and dividing v/zV-f z^ by y/ z, 
the Quotient is y/d -j-m by Art. 41. joining^ and y/ d + m\ 
we have^Y/^+^2, the Quotient required. 

Exam. 19. Dividing the rational Quantities day by da, 
the Quotient is y by Art. 20. a nd dividing y/ y m + y r by 
%/ y> the Quotient is y A + r by Art. 41. joining y and 
V'ai + r, we have;/ y/ w + r, the Quotient required. The 
iollowing Examples are done in the fame Manner. 



Divide ^any/dy-^dn any/pz—pb bbdy^pm + pd 
B y iax/d ay/p _^ Zbdy/p 

Quotient 2n s /y+~n ny/z — b 2y s /m^+d 



Divide pny/dx—db izbay/py—px anxy/pd—pm 

} y ^^ d 3 a \/p axy/p 

.Quotient p^/x — b ^by/J^x n <y~d^m~ ~~ 

The Truth of thefe Operations are proved likewife from 
multiplying the Quotient by the Divifor, and if that Product 
makes the Dividend, the Work is true, if not, there is a 
Miftake, Thus in 



E. 



xam+ 
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Exam. i. The Quotient is y ^/ tf, and the Divifor is tf v^ ^ ; 

now multiplying y^/n by a^/m y by Art. 40. firft multiply 

the rational Quantities y and tf, this Produd is ay 1 and multi- 

;^ - plying y^ by ^ #z, this Product is »/ mn, and joining this to 

' 'ay we have ay ^/ mn the Product, which being the fame as the 

given Dividend, proves the Work to be true. , 

And at Exam. 5. the Divifor is ay^/m, the Quotient is 
n y/ ;z, now multiplying ay y^m by n^/n, according to Art. 
40. we firft multiply the rational Quantities ay by /z, and this 
Producl: is ayn- y then multiplying */ m by ^/tij this Product 
is y/ mn, and joining this to ayn, the Product is ayn <J m n 9 
which being ^he fame with the given Dividend, the Work 
is true. 

And at Exam. 17. the Divifor is m \/ a<> and the Quotient is 
n ^y p _|- x, and multiplying thefe by Art. 40. we firft multiply 
the rational Quantities m and n together, and this Product is m n? 
then multiplying ^ a by ^/ p -(- x> this Product is *J ap 4- ax 9 
which being joined to m n, the Product is mn ^ ap -f- ax, the 
fame as the given Dividend -, and fo may any of the other 
Examples be proved* 

Involution of Surd Quantities* 

43. Cafe 1. When there are no rational Quantities joined 
with the Surds, it is only fetting the Quantities down without 
their radical Sign, which raifes the given Root as high as is the 
Index of the radical Sign. 

-Exam. I. Exam. 2. Exam* 3. Exam. 4, 

Raife to the Square 1 , , , , L 

orfccondPowerJv" s/ m » ^ na */ b 

The Square a . mn na b 

This being no more, according to the Rule, but to fetdown 
the Quantities without their radical Sign, it is fo eafy as not to 
want any farther Explanation. 

The R-eafon on which the Operation is founded, is, that any 
Quantity or Number being multiplied by itfelf, will produce the 
Square of that Quantity or Number, thus 2x224, whence 
4 is the Square of 2, and^x^=^^ 5 which is the Square of tf, 
■':♦ and fo of any other Quantity. Now fuppofing the Square Root 

of a was to be extracted, which by Art. 33. is ^/ a. But 

L as 
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ZS\/ a is the Root, and a was the Square from which that Root 
was extracted, hence y/ a multiplied into^/tf, muft producer, 
by what has been juft faid : Now y/ a multiplied by <y a, is 
y/ a a by Art. 39. and as ^/ a a fignifies the Square Root of a a> 
which is a by Art. 33. it follows, that to involve any Surd that 
has no rational Quantities joined with it, is only to fet down 
the Quantities without their radical Sign. 

To find the Square or \ , , , , A , 

fecond Power of \S a * s/ nd ^P r ^ z 
The Square ax nd pr % 

And if there are feveral Quantities connected by the Signs -\- 
or — , and are all under the radical Sign, they are involved in 
the fame Manner. 

Raife to the fecond 7 



Power or Square 5 x/ a + b ^/an — d s/p + riy 
The Square a + b an — d P J r n y 

Raife to the fecond l 

Power or Square $\/pd — n x/dz-^zy ^/pm — nd 
The Square pd—n dz-\-zy pm — nd 

Raife to the 2d 7 . 

PowerorSquarejv/^+^ — d ^ am— n+db ^/pz+zx—xd 
The Square a-\-y — d am — n-\-db pz-\-zx — xd 

44. Cafe 2. When there are rational Quantities joined with 
the Surds, then involve the rational Quantities as high as is the 
Index of the Surd, and multiply thefe involved Quantities into 
the Surd Quantities, after the radical Sign is taken away. 

Exam, 1. Exam. 2. Exam. 3. Exam. 4. 
Raife to the Square a^/m b^/nz d^/y zz^/b 
The Square a am bbnz ddy zzzzb 

Ex. 1. The rational Quantity a fquared is by Art. 31. a a 
The Surd Quantity ^/ m being put down 7 

without the radical Sign is J *~ "* m 

Thefe being multiplied, the Producl is the Square required a am 

Ex#m, 
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Ex. 2. The rational Quantity £ fquared is by Art. 31. bb 
The Surd Quantity ^/nz without the radical Sign is nz 
Thefe multiplied, the Product is the Square required bbnz 

Exam. 3. The rational Quantity d fquared is - dd 

The Surd Quantity ^/ y without the radical Sign is y 

Thefe multiplied, the Product is the Square required ddy 

Exam. 4. The rational Quantity zz fquared is zzzz 

The Surd Quantity <y b without the radical Sign is b 

Thefe multiplied, the Product is the Square required zzzzb 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

Raife to the Square a n ^/p dz^/yx p\Z^y da^/z 
The Square aannp ddzzyx ppxy ddaaz 

Exam. 5. The rational Quantity a n fquared is a ann 

The Surd Quantity ^/ p without the radical Sign is p 

Thefe multiplied, the Product is the Square required aannp 

Exam. 6. The rational Quantity dz fquared is d dzz 

The Surd Quantity ^/ y x without the radical Sign is y x 

Thefe multiplied, the Product is the Square required ddzzyx 

Exam. y. The rational Quantity/* fquared is - pp 

The Surd Quantity ^/ ' x y without the radical Sign is xy 

Thefe multiplied, the Product is the Square required) ppxy 

Exam. 8. The rational Quantity da fquared is ddaa 

The Surd Quantity ^/ x without the radical Sign is z 

Thefe multiplied, the Product is the Square required d d aaz 

Raife to the Square m^ypz mtisfd a ^/ r d py\/m 
The Square mmpz ?nmnnd aard ppyym 

Raife to the Square x^/pd xn^/a z^/px az^/d 
The Square xxpd xxnna zzpx aazzd 

. And if there are more Quantities than one under the radical 
Sign, connected with the Signs -|~ or — , then after the rational 
Quantities are involved, or raifed as high as is the Index of the 

L 2 Surd 3 
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Surd ; place thefe under the radical Quantities, without their 
Sign, then multiply them by the Rule of Multiplication at 
Art. 10. &c. and this will be the Square required. 

Exam. I. Exam. 2. Exam. 3. 



Raife to the Square a ^/ m +y b <J d -f z m s/ z — x 

The Square is aam-\-aay bbd+bbz mmz — mmx 



Exam. 1. The Surd Quantity s/ m +y\ w . m + y 

without the radical Sign is J 

The rational Quantity a fquared is - - aa 

Thefe being multiplied according to Art. 10. 7 a am A- a ay 

the Produd is the Square required 1 ~ 



Exam. 2. The Surd Quantity ^/ d + z 7 _ ^ ^_, g 
without the radical Sign is J "* 

The rational Quantity b fquared is - _- b_b 

Thefe multiplied, the Prod, is the Square required bbd + bbz 



Exam. 3. The Surd Quantity ^/z — * 7 
without the radical Sign is S 

The rational Quantity m fquared is 
Thefe multiplied, the Product is the 7 



z-^x 
- mm 



m m z — mmx 



Square required 

Exam. 4. Exam. 5. Exam. 6, 



Raife to the Square z^/ a + n x y/ b — d d s/ z + y 
The Square zza-\-zzn xxb — xxd dd,z-\-ddy 



Exam. 4. The Surd Quantity </a + n\ _ ^ a+n 

without the radical Sign is S 

The rational Quantity z fquared is zz 

Thefe multiplied, the froduft is the 7 _ zza + zzn 

Square required $ 



Exam. 5. The Surd Quantity ^/ b — d\ _ _ ^ ^ 

without the radical Sign is J 

The rational Quantity. x fquared is - x x 

Thefe multiplied, the Produd is the 7 m # x b, xxd 

Square required S 



Exam, 
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Exam. 6. The Surd Quantity s /% -\- y 7 

without the radical Sign is j - z-\-y 

The rational Quantity d fquared is - - dd 

Thefe multiplied, the Product is the } , , , ~ 

Square required j " M* + <Uy 



Raife to the Square y \/ a — » n ^/ a -^ d d ^/p ^ 

The Square J7# — ^» nna-\-nnd ddp d dz 



Raife to the Square e ^/ p — r d <y e -f- y % ^/ n y 

The Square eep — eer dde + ddy zzn — zzy 

45. Cafe 3. But if there are rational Quantities connected 
with the Surd Quantities by the Signs -f- or — , they are in- 
volved in the fame Manner as compound Quantities, at Art. ?2. 
carefully obferving the Directions concerning the Multipli- 
cation of Surd Quantities, at Art. 40, and their Involution at 
Art. 43, 

To raife to the Square or fecond Power - a -X- / b 

Putting down again the fame Quantity - a jl / y 

Now multiply..* + ^/ bby a, and a multi- -v ~~" ~~ 
plied by a 9 the Product is a a y and K / b multi- / 
plied by a, the Product is a s/ b 9 by Art. 40. f a a + a s/ b 
therefore a -f~ v/ b multiplied by a is 3 

Then multiply a -f- ^/b 9 by ^/£, and a mul- >. 
tiplied by y/ b, the Prod, is a y/ b by Art. 40. f 
and y/b multip. by <J b 9 the Prod, is b, by Art. C a V / b J r b 
43. whence a -f- y/ b multiplied by y/ b is 7 

The Sum is a a -f- 2 a <J b + £ : for a <J b 1 """ — ~* 

added toa ^ bisia <J b, by Art. 35. whence >aa -f- 2a^/b4-b 
the Square of a + \/ b is J 1 

To raife to the Square or fecond Power 

Putting down. again the fame Quantity 

The Product from multiplying d + ^/z by ^,T" 
by what is mentioned in the Jaft Example is J 

The Product from multiplying d + y/ z by 7 
v/z, by what is mentioned in the laft Example is J v/ z + z 

The Sum added as in the laft Example is TT7T , "" 

the Square of d -f ^/s j ** + 2 <V* + z 




To 
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To raife to the Square or fecond Power - x — ^/ a 

Putting down again the fame Quantity - *x — K /a 

The Prod, from multiplying x — ^/ a by .*•, for \ 
x multiplied by x y the Prod, is xx, and — ^/ a{ * 

multiplied by x, the Prod, is — x^/a, by Art.f ** *v * 
40. the Signs of — ^/ a and x being different 3 

The Product from multiplying x — ^/ a by -* 
— ^/ a y for x multiplied by — \/ a > tne P r °d u & I 
is — xy/ a, the Signs being unlike, but - — ^/ a > — # ^/^ -f- £ 
multiplied by — v/^ the Signs being alike, the 1 
Product is y/ a a or a by Art. 39 and 43. J 

Their Sum is the Square of x — ^/ a xx — zx^/a-^-a 

To raife to the Square or fecond Power - y — ^/ x 
Putting down again the fame Quantity - y — \/ x 

The Product from multiplying y — \/ x by y, \ / 

Iron* what is mentioned in the laft Example is S yy J V 

The Produdl from multiplying y — ^/ x by \ / jl 

•— V^** from what is faid in the laft Example is ^ / v # ~r 

Their Sum is the Square of y — ^/ x - y y — zy ^/ x -\>x 

To raife to the Square or fecond Power - I -f- ^/xa 
Putting down the fame Quantity - b -f- ^/ xa 

Multiplying b + y/ x a by b we have - b b -f- b y/ x a 
Multiplying b -\- ^/ x a by ^/ x a we have b ^/ x a + x a 
The Sum being the Square of £ -\-\/x a, bb-\-zb^/ xa-\-xa 

To raife to the Square or fecond Power - m + ^/ dz 
Putting down the fame Quantity - m-\- K /dz 

Multiplying m -f- ^/ d z by m we have - m m-\-m^/dz 
Multiplying m -\-^/ d z by ^/ d zwe h ave m^/ dz-\-dz 

TheSumbeingtheSquareofw-f-Y/iz, m m-\-z?ny dz~\-dz 

To raife to the Square or fecond Power - z — \/ dn 

Putting down the fame Quantity - - z — \/dn 

Z2 — z ^y dn 
— %s/ dn -f- dn 

The Square of z — s/dn - zz— 2 z^/dn^\- dn 
2 To 
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To raife to the Square or fecond Power - p — </yz 
Putting down again the fame Quantity - p — \/yz 

pp—ps/y* 
—p\/y*+yx 



The Square of p—^/yz - pp — 2p^/yz^yz 



Of E QJJ ATIONS. 

HAVING thus copioufly explained all the Rules neceffary 
to be known, in order to the Solution of Queftions, we 
come now to their Ufe and Application in the Reduction of 
Equations, or the Method by which Problems are folved, and 
Queftions anfwered* 

When any Problem or Queftion is propofed to be anfwered 
Algebraically, for the feveral Numbers that are in the Queftioa 
we t generally put Letters, reprefenting like wife the Numbers 
which are to be found by Letters, and for Diftinaion Sake tafe 
the Vowels for the unknown Numbers, or thofe that are to be 
found, and Confonants for thofe that are known, or o-iven. 

Then we begin to exprefs all the Conditions of the Queftion* 
by ranging and connefling the Letters, by Help of the fore- 
going Signs, in fuch a Manner that they fhall reprefent all the 
Circurnftances of the Queftion, this being only to tranlbte the 
Queftion from Engjijh into Algebra. 

Thus if the Proportion, that 6 being added to 5, the Sum is 
equal to 11, was to be exprefled in Algebra. 

Now fuppofe b — 6, ^=5, m =: i r. 

Then the above Propofition will beexpreffed thus, b -f d = m. 

And when any Letters or Numbers are fo conneaed that 
between any of t.hern there appears this Sign =, it is called an 
Equation, for the; Sign ^ fignifies Equality or Equation, and 
in the due ordering and managing thefe Equations confifts the 
Whole of the Analytic Science, or Algebra. 

Equations confift of Quantities or Letters, fome known, and 
others unknown, and the grand Work is fo to manage the Equa- 
tions, that exprefs what is given in the Queftion, by the Rules 
of Certainty and Science, that all the known Quantities may 
at lad be found on one Side of the Equation, and the unknown 
Quantity by itfelf on the other of the Equation : For when 
this is done, the Equation is brought to a Solution, and the 
Queltion is anfwered. 

And 
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And that Part of Algebra which teaches how to manage thefc 
Quantities, fo as to carry all the known Quantities on one Side, 
leaving the unknown Quantity by itfelf on the other Side of 
the Equation, is called the Reduction of Equations, which is done 
by Addition, Subfiraclion, Multiplication, Divifion, Involution, 
and Evolution, according as the Cafe requires. 

3fr reduce an 'Equation by Addition, or SubjlraSlion. 

46. T TT T H EN any known Quantities are on the fame Side 
VV °f tne Equation with the unknown Quantity, and 
connected by the Signs -[- or — , to reduce fuch an Equation is 
only to iranfpofe or place the known Quantities on the other Side 
of the Equation, or Sign of Equality, prefixing to them their 
contrary Sign, that is, thofe Quantities which have the Sign -f-, 
after they are tranfpofed muji have the Sign — , and thofe which 
have the Sign — muft have the Sign -J-. 

Queflion 1. To find that Number to which 6 being added, and 
fubjlracling 15 from this Sum, the Remainder maybe equal 'to 11. 

Now fuppofetf = the Number fought, bzz6, dzz i^m—ll • 

Then I am to find a Number, which call 
To which 6 or b being added, it is by Art. 6. 
From which Sum 15 or d is to be fub- 7 

ftra&ed, that is, to a + b connect d by f 
- the Sign — , then it is ^ 

Which a + b — d is to be equal to 1 1 or I 

m, that is 
Now to reduce this Equation, or to an-"') 

fwer the Queftion, I obferve d, a known 

Quantity, is on the fame Side of the 

Equation with the unknown Quantity | 

a, therefore tranfpofe d, that is, write y 

down the remaining Part of that Side of j 

the Equation without d, and place it on 

the other Side with the Sign +, it hav- | 

ing before the Sign — , then we have J 
Again b is a known Quantity on the fame-j 

"Side of the Equation with a, then by ( 

taking it away from that Side of the ( 

Equation, and placing icon theother Side J 

with the contrary Sign, or — > we have 



a 

a + b 

a + b — d 
a-^-b — d = m 



a-\-l ~m-\-d 



a zz m\ d—*h 



Here 
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Here the Queftion is folved, for the unknown Number or 
Quantity a, is equal to the Number reprefented by w, added to 
the Number reprefented by d, from which Sum fubftrading the 
Number reprefented by b. 

1 1 reprefented by m 
15 reprefented by d 



26 Sum of the Numbers reprefented by m and d 
6 reprefented by b, to be fubftra£ted 



Remains 20 which is a, or the Number fought. 

And that this is the Number required, is thus proved, from 
the Conditions of the Queftion. 

I fay the Number fought is — 

For if to this is added ™ — . 

The Sum is — - — ■* •— 

From which fubftracling « — — 

There remains as the Queftion required — 



— 20 

— ~~6~" 

— 26 

— J_5_ 
11 



Queftion 2. A Man being afked how many Shillings he bad, 
faid 9 if you add 15 to their Number •, and then fubftratt 20 from 
that Sum, and then add 19 to the Remainder, I /hall have 64 
Shillings. How many Shillings had he ? 



Let a — : the Number of Shillings fought, 

m = 19, n ~ 64. 

Then, A Man had a certain Number i 
of Shillings, which call j 

To which 15 or b being added we have, j 
by Art. 6. J 

From which Sum taking away 20 or d> -j 
that is, connect d by the Sign— f 

To which adding 19 or m we have, by 1 
Art. 6. I 

Which a -f- b — d -f- m is to be equal 7 
to 64 or », hence * J 

Now to reduce this Equation, or an-1 
fwer the Queftion: I begin with I 
tranfpofing m a known Quantity, by ! 
putting down the remaining Part of )> 
that Side of the Equation, and placing j 
m on the other Side with the con- j 
trary Sign, which gives J 

M 



b = 15, d=z 20, 

a 

a + b 

a + b — d 

a-\-b-*d-\-m 

a-\-b — >d-]-m zzn 

And 
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And to tranfpofe d another known "^ | 
Quantity, put down the remaining I 
Part of that Side of the Equation, and V 
d on the other Side with a contrary \ 
Sign, whence we have -' 

And laftly, by tranfpofing b, that is,} 
placing it on the other Side of the( 
Equation with a contrary Sign, weC 
have J 



a-\-bzzn — m-\-d 



a~n — m-\*d — b 



That is, if from the Number reprefented by n we fubftracl 
that reprefented by w, and to the Remainder add the Number 
leprefented by d, and from this Sum fubftracl: the Number re- 
prefented by b, the Remainder will be the Number fought. 



64 reprefented by n 

19 reprefented by n?> to be fubftrafted 



45 or n — m 

20 reprefented by d, to be added 



65 or n — m -f- d 

15 reprefented by £, to be fubftra&ed 



had 



50 the Number fought or a ; and therefore the Man 
505. at firft, which is thus proved, from the Conditions of 



the Queftion. 



50 s. 

10 




I fay he had at firft — — 

For if to them y©u add — — 

And from that Sum fubftract — •— 

And then add to the Remainder — 
It makes what the Queftion requires 



Queftion 3. A Countryman ajked another how many Eggs he 
>had. Why, fays he, if you fub/lraft 15 from their Number, and 
then add 21 to thofe that are left, and fubflraft 7 from that Sum, 
but if you add 19 to what is then left I Jhall have 43 Eggs. 
How many Eggs had he ? 



Let 
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Let a = the Number of Eggs, b zz 15, d = 21, % =^7, 
» = 19, /> = 43- 



fub-} 
theC 



Now the Countryman had a Num- 7 
ber of Eggs, which call - ) 
From which 15 or b being fub- 
firacted, or connecting b by 
Sign — y we have 
To which a — b 9 if we add 21 or ) 
d y we have by Art. 6. - j 
From which Sum fubftracling 7, 1 
or connecting m by the Sign — 3 
To which adding 19 or », we have 7 
by Art. 6. 1 

And this a — b -\- d — m -f- n is to 7 
be equal to 43 or />, hence 4 

Now to reduce this Equation, or-i 
anfwer the Queftion, I begin 1 
with tranfpofing «, by putting | 
down the remaining Part of that V 
Side of the Equation, and n on 
the other Side with its contrary 
Sign, then - - 

Now -tranfpofe #7, by putting down 
the remaining Part of that Side 
of the Equation, and m on the 
other Side with its contrary Sign, 
and we have 
Then tranfpofe d y by putting down 
the remaining Part of that Side 
of the Equation, and d on the 
other Side with its contrary Sign, 
then 
Laftly, tranfpofe £, by putting 
down the remaining Part of 
that Side of the Equation, and 
b on the other Side with its con- 
trary Sign, and it is 



a — b 

a — b+d 
a, — b + d — m 
a~b -f- d— m -|- n 
a — b-\-?d< — >m-{-nz=zp 

a — b-\>d — mzzp — n 



i — b-{-dzzp — n-\- 



-bzzp~-~n-{-m — i 



a=p — n \~m — -d-\-b 



Hence a, the unknown Quantity or Number of Eggs, is 
equal to the Number reprefented by />, fubftra&ing from it the 
Number reprefented by w, adding to this Remainder the Number 
reprefented by m, fubft.-a&ing from this Sum the Number 

M 2 reprefented 
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reprefented by d, and adding to the Remainder the Number 
reprefented by b. 

43 reprefented by p 

i q reprefented by n, . to be fubftra&ed 

24. or p — n 
7 reprefented by m, to be added 

31 or p — n-\- m 

21 reprefented by d> to be fubftra&ed 



10 or p — n-\-m — *>d 

15 reprefented by £, to be added 



25 the Number fought or a ; and therefore the Man 
had 25 Eggs, which is thus proved, from the Conditions of the 

Queftion. 



I fay the Man had 

For if from them you fubftract 

And to the Remainder add • 

And from this Sum fubftract 

And to the Remainder add 

It makes what the Queftion requires 



25 Eggs 
*5 



10 
21 

T~ 

7 



24 
43 



Queftion 4. To find that Number to which 19 being added^ if 
from that Sum wefubftracl 50, and add J to the Remainder r 
and fubjlratt 60 from this Sum, and by adding 6 to that Re- 
mainder^ this Sum maybe 22. 



Let a = Number fought, b 



19, d~ 50, #=7j »~$q> 



find 



a Number, 
being added, 



Now I am tq 

which call 
To which 19 or b 

we have by Art. 6 
From which Sum fubftracYmg 50 

or d y that is, connecting d by 

the Sign — , and it is 



'>l 



a 

a + b 

a ~{- b — d 



And 
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And to this Remainder adding j 1 
or #z, we have by Art. 6. j 

From this Sum fubftrading 60 
or #, that is, connecting 
by the Sign — *• 

And to this Remainder adding 6 | 
or/>, we have j 

And this a-\- b — d-\-m — n-\-p 1 
is to be equal to 22 or^, hence j 

Now to anfwer the Queftion, 
tranfpofe p, by putting down 
the remaining Part of that 
Side of the Equation, and p 
on the other Side with its con- 
trary Sign, hence 

Then tranfpofe #, by putting ^ 
down the remaining Part of I 
that Side of the Equation, v 
and n on the other Side with 1 
its contrary Sign, then - J 

Then tranfpofe #7, by putting^ 
down the remaining Part of/ 
that Side of the Equation, y 
and m on the other Side with \ 
its contrary Sign, whence J 

Then tranfpofe d> by putting -v 
down the remaining Part of / 
that Side of the Equation, I 
and d on the other Side with 1 
its contrary Sign, and - J 

Laftly, tranfpofe b 9 by putting 
down the remaining Part of 
that Side of the Equation, 
and b on the other Side with 
its contrary Sign, we have 



ro 



u 



12 



tlon, 


&C. 


«s 


a + b 


—*d-{* m 




a + b- 


— d + m 


— a 


a + b 


— d-\-m 


-*+P 


a\b~ 


-d+m — 


»+P=g 


a+b- 


-d-{-m — . 


n—g—p 



a-\-b — d+mzzg — p -j- « 



a-\-b~ d=g-~ p-\-n— m 



a-\-b ~g — p-\-n — m-{-d. 



a~g — p-{-n — m-\~d — b 



Hence #, the unknown Number, is equal to the Number 
reprefented by g, fubflracling from it the Number reprefentr-d 
by/>, adding to the Remainder the Number reprefented by n^ 
fuburacring from this Sum the Number reprefented by m, addino- 
to the Remainder the Number reprefented by d, and fubftradting 
from this Sum the Number reprefented by b. 

1 22, the 
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17. the Number reprefented by g 

6 the Number reprefented by p, fubftradt 
16 or^ — p 

6o the Number reprefented by tf, add 
7 6 org—p+n 

7 the Number reprefented by w, fubftracl 
69 or ^ — />+« — m 

50 the Number reprefented by d, add 

119 or^ — p -\- n — m 4- d 
19 the Number reprefented by b, fubftracT: 

100 the Number fought or a> which is thus proved, from 
the Conditions of the Queftion. 

I fay the Number fought was 
For if to that you add 

And from the Sum fubftra<3 » 

And to the Remainder add 2 

And from the Sum fubftracT; * 

_And add to the Remainder 
It makes what the Queftion requires *> 22 

The Directions to the two following Queftions are not quite 
fo copious, that the Judgment of the Learner may be a little; 
more excrcifed. 

Queftion 5. A Number of Men were walking on a Bowling* 
Green, one Man afked another how many there were, the other 
replied, if you fubftracl 7 from their Number, and add 15 to 
the Remainder, and fuhjlratt 9 from the Su?n, and add 56 to 
the Remainder, and fubjiraft 2 from that Su?n, this will leave 
I GO. To find the Number of Men on the Bowling-Green. 

Let a = Number of Men on the Bowling-Green, b = 7, 
dzz. 15, g~9-> m — $ 6 > nz=z2, p — 1 00, 

I am 



100 

19 


119 

50 


69 

7 


76 
60 


16 
6 
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a — b 

a — b + d 

a — b + d- 
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I am to find the Number of" 

Men on the Bowling-Green 

which call 
From which 7 or b being 1 

fubftra&ed, which is only > 

to connect b by the Sign — J 
To which Remainder adding 

15 or d, we have by Art. 6. 
From which Sum fubftracling 

9 or g, or connecting g by 

the Sign — , and we have 
To this Remainder adding m 

or 56, by Art. 6. 
From which Sum fubftrafling 

2 or w, that is, connecting 

n by the Sign — , it is 
Which a — b+d — g + m — n 

is to be equal to 100 or p. 

hence 
By tranfpofmg n we have 
By tranfpofmg m we have 
By tranfpofmg g we have 
By tranfpofmg d we have 
By tranfpofmg b we have 



«7 



'1 

i 

} 

\ 



-S 



a — b -\-d — g -\-m 
a — b-\-d — g -{- m—-B 

a — b-\-d — g-\-?n — n zzp 

a — b-\-d—g-\-m =zp-^-n 
a — b+d — gzzzp+n — m 
a — b-f-dzzp+n — tn+g 
a — b—p\n — m~\-g — d 
azzp+n — m\g — d+b 



100 is the Number reprefented by p 
2 or n, to be added 



102 or p -j- n * 

56 or ?/z, to be fubftracted 

46 or/>-)- w — m 
9 or g y to be added 

55 or p + n — m-\~g 
15 or d> to be fubftra&ed 

m + g — d 



40 or p -f- n - 
7 or b^ to be added - 

47 the Number fought or tf, for a—p-\-n~?nA-o 

Now to prove 47 was the Number of Men that were on 
the Bowling-Green, let us try if it will anfwer the Conditions 
of the Queftion. 

I fay 
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55 

9 

4 6 

56 




I fay the Number of Men were 
For if from them you fubftract 

And add to the Remainder 

And from the Sum fubflracl 

And add to the Remainder 

And from the Sum fubfiracl 

It makes what the Queftion requires 



Queftion 6. A R erf on required another to tell him how many 
Shillings he had, by faying that if to their Number was added 5, 
and from this Sum fubjlta fling 3, and adding 16 to the Re- 
mainder y and from that Sum fubjlratting 50, and adding 54 to 
the Remainder, he fhould then have 43 Shillings. How many 
Shillings had he ? 

Let *■ zz the Number of Shillings fought, £ = 5, dzz^p 
m ■= 16, n = 50, p = 54, q = 43. 



The Perfon had a certain 

Number of Shillings, which 

call 
To which 5 or J 'being added, 

we have 
From which Sum fubftracTing 

3 or d, we have 
To which Remainder adding 

16 or w, we have 
From which Sum fubftracling 

50 or «, we have 
To which Remainder adding 

54-orp, we have 
Which aJ\-b — d-+m — n+p 

is to be equal to 43 or q, 

hence 
The Queftion being now «x- 

prefled in Algebra, by tranf- 

pofmg p 7 we have 



1.' 


}> 


}3 


}< 


}5 


}» 


1' 


1' 



a +& 

a + b~d 

a-\-b — d -{- m 

a-^l — d-^m — n 

a -\-b — >d-\-m — n-{-p 

a\-b>—<d\m — n-\-p — <i 
a-\b — d\m — n=q — p 
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By tranfpofing n we have 
By tranfpofing m we have - 
By tranfpofing d we have * 



Laftly, by tranfpofing b we have 



a -\-b — d -{- m~q — p-\-n 
a -\~b — «- d=z q—p -\-n — -m 
a + b rr q —p -{-n — m -j- d 
azuq — p ■\-n^-*m-\'d—~*b 



43 is the Number reprefented by q 
-54 from which fubftracling 54 or />, there remains — 11 



-11 or q — />, fee below.* 
50 adding 50 or n to— 11, the Sum is 39 

39 or q — p + n 

16 from which fubftracling 16 or m 



23 or^~ p-\-n — +m 
3 to which adding 3 or d 



26 or q — p-\~n — m -\- d 

5 from which fubftracling 5 or b 

21 hence 21 is the Number fought ; which is thus proved ; 

1 fay the Perfon had - - 21 Shillings 

For if to them you add 5 

26 
And from the Sum fubftract - - 3 

2 3 
And to the Remainder add - - 16 



39 
And from the Sum fubftract - - 50 

There remains a negative or * — 1 1 

And if to this Remainder we add - 54 



It makes what the Queftion requires - 43 

* When a negative Number is to be fubftracted from an 
affirmative Number, and the negative Number is greater}, as 
in this Cafe, it is only to take the Difference of the two 
Numbers, and place the Sign — before it ; and if the next 
Number to be added is affirmative, and greater than the nega- 
tive Remainder, then it is only fubftracling the negative Re- 
mainder from the affirmative Number which is to be added, 
and this will be the Sum, 



H If 
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If the Learner finds any Difficulty in conceiving this, h6 
may col I eel: all the affirmative Numbers into one Sum, and all 
the negative Numbers into another ; and fubftraeling the Sum 
of the Negatives from the Sum of the Affirmatives ^ the Re- 
mainder is the Anfwer to the Queftion. 

In the laft Queftion, 

The affirmative Quantities 7 „ 

or Numbers are - - j ^ ^3 

n — 50 

d= 3 



96 

Sum of the negative Numbers — 75 



21 ~a as before 

The negative Quantities 7 ^ __ 

or Numbers are J P — 54- 

— miz. — 16 

Zr TS 
To reduce an Equation by Multiplication. 

47. In the laft Article, the unknown Quantity was connected 
with the known Quantities by the Signs -f- or — only, but it 
may happen that the unknown Quantity may be divided by 
fome known Quantity; in this Cafe, multiply every Part or all 
the Terms of the Equation by that known Quantity ; and the Part 
of the Equation containing the unknown Quantity will be 
then multiplied and divided by the fame Quantity, take down 
this Equation, rejecting the known Quantity from that Part 
of the Equation where it both multiplies and divides the un- 
known Quantity, by Art. 20. it being in both Dividend 
and Divifor : After this Equation is fet down, if there are any 
other Quantities connected with the unknown one by the Signs 
„j_ or — , tranfpofe them to the other Side of the Equation as 
in the laft Article, by which Method we fhal.l have all the 
known Quantities on one Side of the Equation, and the un- 
known one by Mdt on the other Side, which is the Solution of 
fhe Queftion. 

Queftion 
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Queftion 7, AGameJler challenging another to play for as many 
Guineas as he had in his Hand, the other required to know how 
many there were, he replied, if you divide their Number by 5, and 
add 19 to the Quotient, I /hall then have 23 Guineas in my 
Hand. How many Guineas had he ? 

Let <z = the Number of Guineas fought, b zz 5, d = 19, 
m = 23. 



} 



Then the Gamefter had a certain Num 

ber of Guineas, which call 
Which being divided by 5 or £, the Quo 

tient is by Art. 27. - 

To which Quotient - if we add 19 or d,l 
we have by Art. 6. - 3 

And this ~ + d> is to be equal to 23 or / 
b 1 

m, therefore we have - -J 

The Queftion being expreffed in ^ Algebra-^ 

by the Equation - -\- d = m, in which 

b 
the unknown Quantity a being divided 
by b' y now by the Rule, multiply 
every Part or Quantity in the Equa- 
tion' by b„ and in this Multiplication, f 
multiply only the Numerator a of the 

Quantity — by b, according to the Rule 

b 
of Vulgar Fractions in Arithmetic, and 
we have - - 

Becaufe b is in both Dividend and" 

Divifor of the Quantity — , hence by 

b 

the Rule, rejecting b from — . only, and ) 

placing down the remaining Part a, and ' 
all the other Parts of the Equation, 
without any Alteration, we have 
Tranfpofing bd by the laft Article, it 
being a known Quantity, then 

N 2 



;-+' 



-f- dzz m 



a J + bd-bm 
b 



a -\-bd ~bm 

a-z^bm — b d 
Here 
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Here the Queftion is anfwered, for a the unknown Quan- 
tity is equal to the Product of the two Numbers reprefented by 
b and m, fubftracling from it the Product of the two Numbers 
reprefented by b and d. 



US 



95 



The Number reprefented by b is 5, the Number re- 1 
prefented by m is 23, which two Numbers being multi- V 
plied is b?n or - - - 3 

The Number reprefented by b is 5, the Number re- 7 
prefented by d is 19, which two Numbers being multi- f 
plied is b d or - - - ^-3 

SubftracYing b d from bm, that is, 95 from 115, leaves) 
bm — bd ox - - - - - j 

Which is the Number fought, or the Guineas the Gamefter 
had, and is proved from the Conditions of the Queftion, thus, 

I fay the Gamefter had - 20 Guineas 

For if that Number is divided by 5, the Quotient is 4 
But if to this 4 we add - 19 

It makes what the Queftion requires * 23 



20 



Queftion 8. ¥0 find that Number vjhich being divided by 15, 
if to the Quotient zve add 27, and fubflraft 1 3 from the Sum % 
the Remainder will be 18... 



Let a z=z the Number fought, £=15, dzzzj, m— l^% 
^=18/- 

Now I am to find a Number, 7 

which call ' S 

Which being divided by 15 or £, ) 

we have by Art. 27. - 3 

To the Quotient or — , if we") 

h > 

add 27 or d, we have byV 
Art. 6. - - J 

From this Sum if we fubftracl: 7 



13 or #z, that is, connect m > 
by the Sign — , it is - 3 

Which -, -4- d — m is by the ) 

b l > 

Queftion to be equal to j8 { f 

or p, hence we have 



b ^ 



+ j. 



• m 



-J- d—*m ~p 



The 
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The Queftion being now ex--| 
preffed in Algebra by this E- 

quation _ \d — m = p, and 

b 
the unknown Quantity a being } 
divided by £, multiply every " 
Part of the Equation by b as in 
the laft Queftion, and then we 
have J 

Becaufe b is in both Dividend 
and Divifor of the Quantity 

■ — , reject b from this Qua"n- 
b 

tity only as in the laft Queftion, Y, 
placing down a and the remain- 
ing Quantities in the Equation 
without any Alteration, then 
we have - J 

Becaufe m b is a known Quan- -, 
tity, tranfpofe it by the Direc- ( 
tions in the laft Article, and f 
we have - ) 

Becaufe db is a known Quan- -j 
tity, tranfpofe it by the fame (. 
Directions, and we have - J 



— + db — mb zz pb 
b 



a -\- db — mb rr pb 



a + db^rp b -{- mb 



pb A-mb — db 



Now a the unknown Quantity being by itfelf on one Side of 
the Equation, the Queftion is folved ; for a y the unknown Quan- 
tity, is equal to the ProduS of the two Numbers reprefented by 
p and b 9 added to the Product of the two Numbers reprefented 
by m and £, fubftracling from this Sum the Product of the 
Numbers reprefented by the Letters d and b. 

The Number reprefented by p is 18, the Number re- ~> 
prefented by b is J5, the Prod u& of thefe two Numbers 
is p b or 

The Number reprefented by m is 13, the Number re- " 
prefented by b is 15, the Product of thefe two Numbers J 
is mb or 

The Sum is p b -\- mb or - - * 405 



270 



195 



The 
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The Number represented by d is 27, the Number** 
reprefented by £ is 15, the Product of thefe two Num- ( Q * 
bers is 405, which being fubftradted from the Sum of f 
the other two Produces - J 

Leaves pb -\-mb — d"b or a - 00 

Therefore 60 is equal to a, or 60 is the Number fought, 
which is thus proved from the Queftion. 



I fay the Number fought is 

For if that is divided by 15 the Quotient is 

To which Quotient, or 4, if we add 

The Sum is 

And if from this Sum we fubftracl: 

There remains what the Queftion requires 



60 



4 
27 



3* 
i8 



Queftion 9. A Man being afked how many Shillings he had y 
replied, if you divide the Number 1 have by 25, and fubftracl 3 
from the Quotient, and then add 51 to this Remainder ', and from 
the Sum jubflr acting 40, I Jhall have 12 Shillings left. How 
many Shillings had he? 



Let a = the Number of Shillings the Man had, b zz 255 
d— 3> m =■ 51? ^ — 4°> 2= 12.. 
Now the Man had a certain 

dumber of Shillings, whi 

call 
Which being divided by 25 or / 2 a^ 

b y we have by Art. 27. -3 y 



tain 1 
lich ? 



From the Quotient or 



if 



we fubftracl: 3 or d, that is, f 
connecting d by the Sign — J 

TotheRcmainderadding5i orw, j 
we have by Art. 6.-3 

From which fubft racking 40 or -y 



/;, that is, conneclin; 
the Sign — , we have 



p by | 
■ p is by 



Which - — d -\- 1 

the Queftion, -to be equal to 
1 2 or z, hence we have - « 
I 



. — i 



d -f m 
■ d -f- m ■ 



-£ 



d\- ?n~-p-zz% 



Th§ 
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The Queftion being now ex 
prefled in Algebra^ and the 
unknown Quantity a being 
divided by b, multiply every 
Quantity in ^the Equation by 
b, astn the two laft Queflions, 
then we have - - 

And rejecting b out of the Quan-""] 

tity — only > becaufe it is 

in both Dividend and Divifor, Y 
and fetting down the reft as in 
the two Jaft Queftions, we 
have J 

Becaufe p b is a known Quantity, 
tranfpofe it by Art. 46. and 
we have 

Becaufe m b is a known Quan- 
tity, tranfpofe it in like Ma 
ner, then we have 

Becaufe db is a known Qua 
tity, by tranfpofing it we 
have 



7 



an- 1 
an-- J* 

anO 

we > 



ab 



— db~\-?nb — p bzzzb 



-db-\-?nb — pb ~ zb 



a — db -\-mb~zb-\-pb 



10 a — dbzzzb +pb — mb 



11 azzzb-\-pb — ?nb-\-db 



Now it appears the unknown Quantity, or a, is equal to 
the Product of the two Numbers reprefented by z and £, added 
to the Product of the two Numbers reprefented by p and b y 
fubftracting from this Sum the Product of the two Numbers 
reprefented by m and £, and adding to this Remainder the Pro- 
duel: of the two Numbers reprefented by d and b. 

The Number reprefented by % is 12, and that by b 7 
is 25, the Product of thefe two is z b or - J 

The Number reprefented by p is 40, and that by b 7 
is 25, the Product of thefc two is pb or - J 

The Sum is z b -\- p b or 

The Number reprefented by m is 51, and that by b 1 
is 25, the Product of thefe two is m b or ' - 3 

Which being fubftracted from the Sum of the other 
two, leaves z b -\~ p b — mb ox 

The Number reprefented by d is 3, and that by b 
is 25, the Product of thefe two is db or 

Which added to the laft Remainder, the Sum 
% b ~p/> b — ih b -j- db or a 



300 



1000 



1 ;oo 



J275 



2 5 



'L_Z£ 

is) 

Whence 
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Whence the unknown Quantity a, or the Number of" 
Shillings the Man had is ioo, which is thus proved, from the 
Conditions of the Quefiion. 

Shillings, 
I fay the Man had - - - ioo 

For if that Number is divided by 25, the Quotient is 4 
From which Quotient if we fubftraft- - - 3 

Remains - - 1 

To which adding - 51 

The Sum is - - 52 

From which fubftracYmg - - 40 

There remains what the Quefiion requires - 12 

Quefiion 10. A Country Servant , who underjlood Algebra, 
being afked by his Mqfter how many Cows there were in the Field f 
replied, if you add 13 to their Number , and divide that Sum 
by 8, and then add 19 to the Sluotient^ and fubflracl 11 from 
that Sum, there will be 12 Cows left. How many Cows were 
there ? 



Let a ~ the Number of Cows, b = 13, dzzz< 
p zz ii, x — 12. 



Now there were in the Field a 1 

certain Number of Cows, which 5- 

call - - J 

To which 13 or b being added, 7 

we have by Art. 6.-3 
Which a -f- b being divided by 1 

8 or d, we have by Art. 28. j 
To which if we add 19 or m y we | 

have by Art. 6. 
From which if we fubftrac~r, 

or p, we have by connect 

p with the Sign — 

Which °^T— + m — p is by the 



&} 



d 



Queftion to be equal to 12 or 
x y hence we have 



a-\-b 
a + b 



d 
a + b 



m=zig 7 



d 
a + b 



-\- m 

-f- m — p 



a + t> 



m — p ~ X 



Becaufe 
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Becaufc a, the unknown Term,"| 

is Part of the Fra&ion a \ 

a 

where the Divifor is d y there- | 

fore multiplying every Quan- v^ 

tky in the Numerator of 

the Fraction by d y by the 

Rule of Vulgar Fractions in 

Arithmetick, and the other 

Quantities as before, then 

Becaufe d is in every Term of] 

the Dividend and Divifor of | 

ad + bd 



J 



the Fraction 



re- 



jea d y from a J±±* ^ \ 

d 
by Art. 22. and 24, and fet 

down all the reft as before, | 

then J 

jiNow begin to tranfpofe p d, it 
being a known Quantity, 
then we have 

Becaufe md is a known Quan- 
tity, therefore tranfpofe 
and we have 

Becaufe b is a known Quan-*) 
tity, therefore tranfpofe it, > 
and we have - J 



an- 1 



ad+bd 



\-md — pdzz xd 



a-\-b + md—pdzzxd 



10 



II 



a -\-b + md=zxd'\-pd 



a + bzz xd+pd — md 



a = x d~\- pd — md — b 



By this it appears that a y the unknown Quantity, is equal to 
the Produdt of the two Numbers reprefented by x and d y added 
to the Product of the two Numbers reprefented by p and d 9 
fubftra&ing from this Sum the Product of the two Numbers 
reprefented by m and d y fubflradting ftill from this Remainder 
the Number reprefented by b. 



The Produdt of the two Numbers reprefented by x 1 
and d is x d, or — • — * — —-, 3 

The Produdt of the two Numbers reprefented by pi 
znddispd, or — — — — , ) 

Their Sum is x d -f- p d y or — — """" 

O 



96 



184. 
The 
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two Numbers reprefented by m 1 



The Product of the two Numbers reprefented by m 
and d is m d, or 

Which fubftra&ed from the Sum of the other two 1 
Produces, there remains x d -\- p d — md — j 

From which fubftracTmg the Number reprefented by b 13 

The Remainder is xd -\-pd 
to a 9 or the Number fought 



-md~b> which is equal ) 



152 



19 



And that 19 Cows were in the Field, is thus proved from 
the Conditions of the Queftion. 



I fay the Number of Cows were — 

For if to them we add « — — 

The Sum is — .^- 

Which divided by 8, the Quotient is 
To which Quotient if we add — 

The Sum is *— — 

From which Sum fubftracling -— . 

There remains what the Queftion requires 



19 
13 



XL 



4 
19 



23 
II 



-!— 12 



Queftion 11. Two young Gentlemen were difputing how many 
Men zvere at a public Diverfion, but not agreeing, they referred 
It to a third Per/on, who, being /killed in Algebra, in/lead of a 
dire SI Anfwer, replied, that if you fubflracl 115 from their 
Number, and divide the Remainder by 50, and add 39 to that 
Quotient, from which Sum fubflrading 16, and adding 68 to 
the Remainder, this lafl Sum will be equal to 1 1 . How many 
Men were there ? 

Let a = the Number of Men fought, b =. 115, czz 50, 
d= 39, n = 16, p zz 68, x = 101. 
There were a certain 1 

Number of Men, which > 1 

call - " . - 3 

From which 115, or b, be- | 

ing fubftra&ed, we have 
Which Remainder of a — b, 

being divided by 50, or 

c, we have by Art. 28. 
To which Quotient if we 1 ^ a — b 1 j 

add 39, or d t we have 

From 



\ 



a — b 



a — b 
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From this Sum if we 
fubftraft 1 6 or 
have 



if we 7 
n y we J* 



99 



To which Remainder if we 7 
add 68 orp, we have 3 

Which m£+d—n + p' 
c 
is, by the Queftion, to 
be equal to ior or #, 
hence - - 

Becaufe a, the unknown 
Quantity, is Part of 

? ., which being di- 

c 
vided by f, therefore 
multiplying by <:, as 
in the laft Queftion, we 
have _ 
Becaufe c is in every Term") 
of the Dividend and Di- 

#r r c a — cb • n 
vifor of — - reject c> ( 

c > 

as in the laft Queftion, 

and fet down all the 

reft as before, and we 

have - J 

Now tranfpofe cp, it be- 1 

. ing a known Quantity, r 
then it is - - -) 

Tranfpofe <?», it being a 7 
known Quantity, and we r 
have - ■). 

Tranfpofe <: ^, it being a ") 
known Quantity, and we r 
have - -J 

And tranfpofing b, it being 7 
a known Quantity, we r 
have - ^ 



* — * 



a — £ 



10 



ii 



12 



x 3 






■frf— » + £=* 



ca—~cb 



-\-cd — cn + cpz^cx 



a — b + c d — en -f cp — cx 

a — £-[- c<i — en =cx — cp 
— b -(- cd=cx> — cp + en 
a — b = cx — cp -{- en — cd 

a = £# — c/>-f-£7z — c d-\~b 



Hence it appears that *, the unknown Quantity, is equal to 

the Produ& of the two Numbers reprefented bye and *, fubftraft- 

ino- from it the Eroduftof .the two Numbers reprefented by c and/, 

D O 2 adding 
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adding to that Remainder the Produft of the two Numbers 
reprefented by c and n> fubftra&ing from this Sum the Product 
of the two Numbers reprefented by c and d> and adding to this 
Remainder the Number reprefented by b. 

The Product of the two Numbers reprefented by cl 
and x is ex, or > - - - J ^ * 

The Product of the two Numbers reprefented by c 7 
and p is c p, or - - i 34 

The Remainder is c x — c />, or - - 1*650 

The Product of the two Numbers reprefented by c\ « 

and n is en, or - - • ^ 3 

Which added to the Jaft Remainder, the Sum is 7 
€x — ep-\-cn, or - - - 1 ^ 

The Product of the two Numbers reprefented by cl 
zn&d'ised, or 1950, which being fubftra6ted - 3 J 95 

The Remainder is ex — cp*\-cn — e d 9 or - 500 

Adding the Number reprefented by b, or - 115 

The Sum is tx~ cp*\>cn — ed-\*b, which is equal 7 , 

to a, the Number fought - - 3 ^ 

And that there were 615 Men is proved from the Condi- 
tions of the Queftion. 

Men. 
I fay there were - - - 615 

For if from them we fubftra£t - - 115 

Remains - , 500 

Which being divided by 50, the Quotient is • 10 

To which adding - 39 

The Sum is 49 

From which fubftra&ng - - 16 

The Remainder is - - 33 

To which adding - - -68 



There remains what the Queftion requires - 101 

Queftion 12. TJoere is a certain Number to which 9 being added \ 
and dividing this Sum by 5, if from this Quotient we fubflracl 6, 
and add 101 to the Remainder, from that Sum fubjlracling 10, 

there remains 97, What is the Number ? 

Let 
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Let a = the Number fought, b — 9, c = 5, d — 6, m zz ioi» 
£ = 10, # = 97. 



this fubftra&ing 10, 1 
t> 9 that is, connecting ? 
y the Sign — , it is 3 



Now I am to find a certain 7 

Number, which call - J 
To which 9, or b, being 7 

added, we have by Art. 6. j 
This being divided by 5, 1 

or c y we have by Ar- r 

tide 28. - . - J 

From which fubftrafling 6, 7 

or </, we have - S 

To which adding 101, or 7 

m, we have by Art. 6. 3 
From this fubftra&ing 10, 

or p. ' 

pby 

Whkhl±l—d+m~p' 

is to be equal to 97, or 
x, hence 
The Queftion being thus • 
exprefled in Algebra^ be- 
gin and multiply by c> 
for the Reafon in the laft 
Queftion, then we have 

Reje£ting c from Ca ~* c , 

and fetting down the reft 

as before, then 
Now tranfpofing c p, it 1 

being a known Quantity, > 

we have 3 

Tranfpofing rw, it being 

a known Quantity, we 

have 
Tranfpofing c d, it being l 

a known Quantity, we > 

have - j 

Laftly, tranfpofing b, it 1 

being a known Quantity, > 

we have J 



ic 



11 



12 



x 3 



a + b 

a + b 



c 

a + b 

c 
a + b 



— d 



c 
a + b 



•d + m 



*/-{-Z7Z— p 



a + b 
c 



-d+m — p~x 



ca + cb 



-cd-\-cm — cp=zcx 



a-\-b — cd+cm — cpzzcx 

a + b — cd+cmzz cxJ^cp 
a-\-h — cd=cx +cp — cm 
a+ b = cx + cp — r/rc-f cd 
a — cx\cp — cm + ed—b 

The 
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The Algehraick Operation being finifhed, the Numerical Work 
is thus. 

The Product of the two Numbers reprefented by c and 1 Q 
* is ex, or J 4 5 

The Product of the two Numbers reprefented by c and 7 
p is cp, or 3 5° 

The Sum is c x -f- c p, or - - 535 

The Product of the two Numbers reprefented by c and ) 



m is c m, or 



5°5 



SubftracTing, the Remainder is cx-\- cp> — cm, or - 30 
The Product of the two Numbers reprefented by c and 7 
d is c d> or - - - - j 3° 

Adding, the Sum is cx-\- cp — >cm-\-cd, or - 60 

The Number reprefented by h is 9, fubftracling - 9 

The Remainder is c x -}- c p — cm-\- cd — b> which is 1 

equal to a y or the Number fought - J * 

And is thus proved from the Conditions of the Queftion. 



I fay the Number fought is 


- 


5* 


For if to this we add 


- . 


9 


The Sum is 


- 


60 


Which being divided by 5, 


the Quotient is 


12 


From which fubftra&ing 


- 


6 


The Remainder is 


- 


6 


To which adding 


- - - 


101 


The Sum is 


107 


From which fubftracting 


teftion requires 


- 10 


There remains what the Qt 


97 



T?o reduce an Equation by Divi/ion. 

48. In the laft Article the unknown Quantity was divided by 
a known Quantity, in the Equation that arofe from the Con- 
ditions of the Queftion ; in this Article the unknown Quantity 
will be multiplied into a known Quantity, in the Equation that 
arifes from the Conditions of the Queftion ; when this happens, 
divide every Quantity on both Sides of the Equation, by the fame 
known Quantity into which the unknown Quantity is multiplied, 

then 
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then you will find the unknown Quantity to be multiplied and 
divided by the fame Quantity ; now place down this Equation, 
rejecting only the Letter from that Quantity, where it multiplies 
and divides the unknown Quantity, as in the laft Article; then 
„ tranfpofe the Quantities as before, but if there are none to be 
tranfpofed the Queftion is folved. 

If any Quantities are connected with the unknown one by 
the Signs -}- or — -, it will be moft convenient for the Learner 
to tranfpofe them before he begins to divide by the Rule juft 
given. 

Queftion 13. A Per/on required another to tell him how many 
Shillings he had, by faying that if their Number was multiplied by 
13, and if from that Product was fubflratled 25, he Jhould then 
have 170 Shillings. How many Shillings had he ? 

Let a = the Number of Shillings the Perfon had, h zz 13, 



25 



170, 



d is by the 1 
) 170, or 07, r* 



A Perfon had a certain Number of 
Shillings, which call 

Which multiplied by 13, or £, we 
have by Art. 9. 

From the Product, or h a, if we fub- 
ftracl: 25, or d^ we have 

Which Remainder ba—-d 
Queftion to be equal to 
hence 

Becaufe d is on the fame Side of the 
Equation with the unknown Quan- 
tity, and connected by the Sign — , 
therefore tranfpofe d, then 

There being no more Quantities to be"] 
tranfpofed, and the unknown Quan- 
tity being multiplied by £, therefore 
divide both Sides of the Equation by 
b. Now b a divided by b gives 

~ by Art. 27. and m 4. d divided by ' 
b 

b y gives ^L±« by Art. 28. therefore 

b 
we have 



ha 

ba-d 

ha — dzz m 

b a zz: m -J- d 



b a m -f- d 



Becaufe 
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Becaufe b is in both Dividend and 

Divifor of tho Quantity — , reject b 
b 

by Art. 20. and putting down the y 
other Quantities without any Altera- 
tion as in the foregoing Queftion, we 
have - - - - 

From hence it appears that a> the unknown Quantity, 13 
equal to the Sum of the two Numbers reprefented by m and d y 
divided by the Number reprefented by b. 

The Number reprefented by m is - - 17s 

The Number reprefented by d\% - - 25 

The Sum is m + d, or - - 195 

And dividing 195, or m + d, by 13, or b, the Quotient is 

m "*" or 15, which is a> or the Number fought. 
b 

The Truth of which is thus proved from the Conditions of 
the Queftion. 

I fay the Perfon had - - 15 Shillings 

For if that is multiplied by ~ 13 



45 
15 


J 95 
25 



The Produft is 

From which fubftra&ing 

There remains what the Queftion requires - 170 

Queflion 14. A Butcher feeing a Drover going to Market with 
a Number of Sheep ■, afked how many there were ; the Drover 
cmfwered, if ' yj)u multiply their Number by 9, and fubftratt 157 
from that Produfi, and add 1 68 to the Remainder ', / Jhall then 
have 2000 Sheep. • How many Sheep had he P 

Let a z: the Number of Sheep, £ = 9, d = 157, 772=168, 

p =: 2000. 

Then 
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The Drover had a certain Number 7 
of Sheep, which call - J 

Which multiplied by 9, or b, we 7 
have by Art. 9. J 

From the Product fubftracling 157, or 
d y that is, conne&ing d by the 
Sign — , we have 

To which Remaind3r adding 168, or 7 
w, we have by Art. 6.-3 

This ba — d-\-m is by the Queftion 1 
to be equal to 2000, or p 9 hence £ 
we have - - J 

Now according to the Rule begin with 7 
tranfpofing nu and we have - j 

Then tranfpofing d, we have 

The Quantities being all tranfpofed 
that were connected by the Signs -f- 
or — , and the unknown Quantity 
being multiplied by b y therefore by 
the Rule divide both Sides of" the 
Equation by b> but ~ ba divided by b y 

gives — , and p — m -\- d divided 

by b y gives \ —L , by Art. 28. 

b 
hence we have 

Rejecting b from the Quantity — P ,^ 

x becaufe it is in both Dividend and ! 
Divifor, and placing down the re- f 
maining Parts of the Equation with- 
out any Alteration as before, we have J 



8 



lot, 



ba 

ba — d 

b a — d -\-m 

b a — d -\~m=p 

ba — d = p — m 
baznp — m -f- d 



ba __p — m-\-d 

1 r~~ 



p — m 4- 



The Algebraic Work is now finifhed, for the unknown 
Quantity a is on one Side of the Equation by itfelf, and it 
appears to be equal to the Number reprefented by p y fub(tra<Sr- 
ing from it the Number reprefented by m 7 adding to this Re- 
'mainder the Number reprefented by d> and dividing this Sum 
by the Number reprefented by b. 



The 
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The Number reprefented by p is 
From which fubftracting the Number reprefented by 7 
m> which is - - - j" 

There remains p — m, or 
To which adding the Number reprefented by d 
The Sum is p — m -f- d y or 



20CO 
l68 



1832 
157 



And dividing this 1989, or p — m -|- d, by 9, 



1989 
the Num- 



ber reprefented by £, the Quotient is t m ' , or 221, which 

b 
is <7, or the Number of Sheep the Drover had 5 and is proved by 
the Conditions of the Queftion thus. 



I fay the Number of Sheep were 


• 


• 


221 


For that being multiplied by 


- 


- 


9 


The Produa is 


. 


• 


1989 


From which fubftracting 


• 


- 


157 


There remains 


- 


- 


1832 


To which adding 


- 


- 


168 


The Sum is what the Queftion requires 


- 


2000 



Queftion 15. A Man being afked what he gave for his Horfe ^ 
anfwered^ if you fnultiply the Number of Pounds I gave by 5, and 
then add 15 to the Producl y and from that Sum fubflraft 50, 
and to the Remainder adding 25, from which Sum fubjlrafting 
1 4, this Remainder will be equal to 81. What did he give for 
his Horfe ? 

Let a ~ what he gave for the Horfe, b = 5, i= 15, 

c z= 50, p = 25, m— 14, xz=:Si f 



Let the Pounds which the Perfon ) 

gave for the Horfe be called j 
Which multiplied by 5, or b> we 7 

have by Art. 9. - J 

To which Product if we add 1 

^15, or d, we have by Art. 6. 1 

Prom this Sum fubftracting 50, ~ 

or c, that is, connecting c by 

the Sign -— •, we have 



I 



a 

ba 

ba + d 

b a-\- d — c 



To 
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To which Remainder adding 25, \ 
or p 9 we have - 3 

From which Sum fubftra&ing 1 
14, or /«, we have - j 

Which b a -{- d — <:+/> — w > 
is by the Queftion to be/ 
equal to 8 1 , or ^ hence we r 
have - 3 

Now tranfpofing m> we have 

And ( tranfpofing p y we have 

And tranfpofing c 9 we have 

And tranfpofing d y we have 

The Quantities connected by 
, the Signs -|- or — , being 
now all tranfpofed, I obferve 
the unknown Quantity to 
be multiplied by ~b> there- 
fore divide every Term on 
both Sides of the Equa- 
tion by b. Now dividing y 

by b 9 it is — , and 



ba 



12 



+jn — p±t--+J 



dividing x+m — p-\-c — iby 

7 u x4-m — P-\*c — d 
by we have — I r ' 

b 
as in the foregoing Queflions, 
hence we have 
Rejecting b from the Quantity' 

, becaufe it is in both 

b 

Dividend and Divifor, and y i<> 
placing down the reft of the 
Equation without any Al- 
teration as before, and we 
have 

That is, a^ the unknown Quantity, is equal to the Number 
reprefented by Xy added to the Number reprefented by. #?, fub-? 
ftracYing from their Sum the Number reprefented by p 9 adding to 
this Remainder the Number reprefented by c y fubftracling from 
this Sum the Number reprefented by d 9 and dividing this Re- 
mainder by the Number reprefented by b^ 



I07 
ba -f- d — c-\-p 

ba~\-d—~c-\-p-*m 

ba-\-d — C^cp — m~zx 

ba-^-d-^c-^-p—x *\*m 
b a-\-d — c~x~\- m — p 
b a-\- dzz x -\-m — />+< 
bazzzx -f- m — />-f-£— <d 



ba 



4-m—p + i 



P 2 



Now 



Hosted by G00gle 



108 A L G E B RJ. 

Now # is - - ' - - 8i ' 

To which adding m 9 or. - 14 

The Sum is x + m, or - - - 95 

From which fubftrafling p> or - - 25 

There remains x 4- ;^ — />, or -70 

To which adding <:, or - - - 5° 

The Sum is x -f- m — p -f- c, or - - 120 

From which fubftracYing </, or - - - J 5 

There remains x -\-m — p -\-c—" d, or - 105 

Now dividing this 105, or x -f- #* — £ + c — ^>by^ or 5, 

Jhe Quotient is * + ^ ~ P + c y or 21, which is equal to a, 

b 
or Number of Pounds the Horfe coft. 

Which is proved from the Conditions of the Queftion, 
thus, 

I fay the Horfe coft 

For if that is multiplied by 

The Product is 
To which adding 

The Sum is 

From which fubftrac~ting 

There remains - 

To which adding - - 

The Sum is - 

From which fubftradling - - 

There remains what the Queftion requires 

Queftion 16. There is a certain Number which being multiplied 
by 7, if from this Product we fubftratt 21, and to the Remain- 
der add 11, and from this Sum fubflracl 23, and add to 
the Remainder 33, this loji Sum will be 210. What is the 

Number ? 

Let a = the Number fought, b — 7, d zz 21, x = U, 
£ = 23, p = 33, r^z 210. 

Now 
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Now there is a certain Number ; 
fought, which call 



IO9 



or 



*/ 



Which multiplied by 
we have by Art. 9. 

From which fubftracfting 21, or 
d, that is, conne&ing d by 
the Sign — , we have 

To this adding 11, or x> we 
have by Art. 6. 

From which fubftra&ing 23, or 
r, that is, conne&ing c by 
the Sign — , we have 

To which adding 33, or p, we 
have by Art. 6.-3 

And this ba — d + x — £ + />) 
is by the Queftion to be/ 
equal to 210, or r, hence r 
we have - J 

The Queftion t being now ex- ^ 
preffed in Algebra^ begin the / 
Solution by tranfpofing />, and r 
then we have J 

Tranfpofing c we have 

Tranfpofing x we have 

Tranfpofing d we have 

All the Quantities being now-| 
tranfpofed that were connect- 
ed by the Signs + or — > 
and the unknown Quantity 
being multiplied by £, di- 
vide every Term, or both 
Sides of the Equation by *, 
as in the laft Example, and 
we have 

Now reje<3 b out of the Quan- 
tity -?, becaufe it is in both 

Dividend and Divifor, and 
fetting down the remaining 
Parts of the Equation, as 
in the laft Queftion, and we 
have 



J 



J 



12 



ba 



ba — d 



ba — d ~\- x 
ba — d + at— c 
ba*—d-\-x — c-\-p 

ba — dJfX — c-\-pzzr 

ba — d-\-x — en r — p 

b a-—d-\~ xzz r —p-\-c 
b a — dz=.r — />-}- c — x 
ba zz r—p-\~c — x -\-d 



ba _ r — />-f" C' 

7 * 



-* + d 



la — r JZil +c — x + d 
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To find what a is in Numbers. 

The Number reprefentecj by r, is - - 2 i0 

From which fubftracling the Number reprefented 7 
by/>, which is - - , J 33 

There remains r— />, or - - - ' x nn 

To which adding the Number reprefented by c - 23 

The Sum is r« — p-\-c> or - - 2 oo T 

From which fubftracling the Number reprefented by x it 

There rejnains r — p-\- c -r-x 9 or - - j^q 

To which adding the Number reprefented by d 21 

The Sum is r~£-f- c-^xJ^-d, or - 210 

And dividing this 219 by b> or 7, the Quotient is 
r — p + c — x ~\~ d 1. , . , 

— -> or 30, which is equal to a, or the Number 



b 
fought, and is thus proved 



I fay the Number fought is go 

For if this is multiplied by - 7 

TheProduftis - - ~~ 

From )/vhich fubftracYing 

There remains - - - - 

To which adding - 

The Sum is ,. 200 

From which fubftrafting r - 23 

There remains - "~*77~ 

To which adding - - "33 




The Sum is what the C^ueftion requires - 210 

Queftion 17. A Gamejler challenged another to play with him 
for as many Guineas as were hi his Hand ; but being afked how 
many they were, anfwered, .if you multiply their Number by 10, 
and fubjiracl 160 from the Producl, and to the Remainder 
add 55, .and from the Sum fubjiracl 31, and adding to this 
Remainder 115, I fhall then have 539 Guineas. How many 
had he ? 



Leta~ the Number of G'uineas fought, b = io, c n 100, 
^55, w = 3i, xzz 115, p — 539. 

Then 
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Then a Garriefter had a certain 1 

Number of Guineas,, which > 

call - - 3 

Which being multiplied by 10. 

*r £, we have by Art. 9 
From which fubftra&ing ioo : 

or &) we have 
To which adding 55, or d, we 

have by Art. 6. 
From this fubftra&ing 31, or 

m, we have 
To which adding 115, or .*•, 7 

we have - -3 

This fry the Queftion is to be 

equal to 539, or p, hence we 

have - 

Then by tranfpofing x we have 
Tranfpofing m it is 
Tranfpofing d we have 
And tranfpofing c 
Now divide by b, as before di- 
rected, and we have 



« 



11 



} 



And rejecting b from — , 
b 

placing down the reft as 

fore, then 



and j 
be- J 



13 



ba 

ba — c 

ba — c -\-d 

ba — c -f d — m 

ba — c-\- d—m-\-x 

ba — c -{-d — m-fcxzzp 

ba — c-\-d—m—p—x 
ba — c-\-dz=zp — x-\-m 
ba — c = p— x\-m — d 
baz=p±—x+m — d-\-4 
ba __ p — x 4^72 —- J-\- c 
b ~ ~b~ 



p — x>\-m~-dJ{~e 
b ~ 



The Queftion being now folved in Algebra, we are to iind 
what a is equal to in Numbers. 



Now p is equal to ' - 

From which fubftracSting x, or 
There remains p — - #, or 
To this adding m 9 or 
The Sum is p — x -f- w, or 
From this fubftra&ing d> or 
There remains p — x -f- m — d, or 
To this adding r, or 

The Surn is p — x + m — d+ c, or 




500 



But 
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But dividing this 500 by b, which is 10, the Quotient is 50, 
the Number of Guineas the Gamefter had j and is thus proved 
from the Conditions of the Queftion, 



I fay the Gamefter had 

For if that Number is multiplied by 

The Product is 

From which fubftracting 

There remains 

To which adding 

The Sum is 

From which fubftradling 

There remains - - 

To which adding 

The Sum is what the Queftion requires 



50 Guineas 

10 



500 
100 

400 

55 

455 
3i 
424 
115 
539 



Queftion 18. A P erf on being afked how many Hours it was 
pa/I Noon, replied^ if you multiply the Number of Hours pajl 
Noon by 7, and fubjhafit 5 from the ProdutJ, and to the Re- 
mainder add 9, and from the Sum fubftraft 3, and to this Re- 
mainder adding 4, this Sum will be equal to 12. How many 
Hours was it pajl Noon y or what of the Clock was it ? 

Let a = the Number of Hours it was pad Noon, or the 
Number fought, m = 7, p zz 5, d = 9, c = 3, b = 4, 
x ~ 12. 



Then there is a certain Number -\ 

of Hours paft Noon, which C 

call - - - 3 

This multiplied by 7, or m> we ) 

have by Art. 9. - J 

From which fubftra&ing 5, or 7 

p y we have J 

To this adding 9, ori, we have? 

by Art. 6. - -J 

From which fubftracYmg 3, or 

<:, that is, connecting c by 

the Sign — , we have 
To which adding 4, or b 9 we ? 

have by Art. 6. - i 



m a 

m a ~p 

m a — p -J- d 

ma — p -f- d— ' c 

ma — p -^ d*-c -]- b 

Which 
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Which by the Queftion is to be 7 

equal to 12, or x, hence J 
Now tranfpofe^, and we have 
Tranfpofing r, then 
Tranfpofing ^/, and 
Tranfpofing />, we have 
Now dividing by m^ as in the 

former Queftions, and we 

have 
Rejecting m from the Quantity 



< , as before, and we have 

m 



'3 



113 

n a — p -{- d— » c-\-bzzx 

m a — <p -J- d» — c =r x — b 
ma ~p -±~d=x~b-]-c 
ma—p = x — ~b -\-c — d 
ma ~x — b-\-c—r-d-\-p 

ma _ x — 3-f-f — d + p 



m 



m 



a = *-L±L 



■4A-P 



m 




The Algebraic Work being finifhed, we may find what a is 
in Numbers thus. 

Now x is equal to 

From which fubftracling £, ol 

There remains x — Z>, or 

To which adding c, or 

The Sum is x t — b + f, or 

From which fubftraeYmg d, or 

There remains x — b -J- e — d y 

To which adding p, or 

The Sum is a* — b-\-c — d-\-p, or « • 7 -' 

And dividing this by m, or 7, the Quotient is r, which 
Is equal to d> or the Number of Hours it was paft Noon, 
hence it was 1 of the Clock in the Afternoon. 

Which is thus proved from the Conditions of the Queftiori, 



11 

9 



dr 



2 
5 



I fay the Number of Hours paft Noon were 
For if that is multiplied by 

The Product is - - . 

From which fubftracling - - 

There remains - 

To which adding 

The Siim is 

From which fubftracting 

There remains 

To which adding - 

The Sum is what the Queftion requires 



1 

_7_ 

7 
.5 



ji 
3 



8 

4 



J2 



T» 
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To reduce an Equation by Involution. 

49. Hitherto there has been no Equation in which the un- 
known Quantity has had the radical Sign prefixt before it, or 
has been connected with known Quantities under the radi- 
cal Sign ; but as this is a Cafe which frequently happens, we 
are now to explain the Manner, how fuch Equations are 
managed. 

If any Part of an Equation is a furd Quantity, but the un- 
known Quantity is not under the radical Sign, then there is 
no Occafion to clear this Equation of its Surds ; but if the 
unknown Quantity is under the radical Sign, then the Equation 
muft be cleared of its Surds. 

And when there is a given Equation where the unknown 
£hiantity is under the- radical Sign, and there are known Quan- 
tities without the radical Sign on that Side of the Equation, and 
tonnecled by the Signs -[- or — , tranfpofe all thofe Quantities 
which are without the radical Sign, to the other Side of the 
' Equation ; then raife both Sides of the Equation to the Square, 
if the radical Sign exprefles the Square Root, or to the Cube, if 
the radical Sign exprerTes the Cube Root, and fo on ; by which 
Means the Equation will be cleared of its Surds, 

After this, if there are no known Quantities on the fame Side 
of the Equation with the unknown one, the Queflion is folved ; 
but if there are (till known Quantities on the fame Side of the 
Equation with the unknown Quantity, the Equation is to be 
reduced by fome of the Methods before explained, at Art. 46, 

47' 48. 

The Square Root is expreffed by this Sign ^/ 5 and the Cube 

Root by the fame Sign with a 3 on the Top, thus ^/ ; and if 
any Root is taken befides the Square Root, the Figure over the 
Sign (hews what Root it is ; but when it is only the Square 
-Root, then there is generally no Figure over the Sign. 

- Queflion 19. Two Gentlemen were talking of the Number of 
Acres there zvere in a Park, the Park- Keeper being prefent, and 

_difpofed to JJjow his Learnings t'M thm, that if they extracted 
the fquare Root of the Number of Acres in the Park^ from which 

fquare Root fubftr deling 5, this Remainder will be equal to 50. 
How many- Acres were there in the Park ? 

,. let 
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Let a zz the Number of Acres in 
d r=z 50. 



Now there were a certain Number of 1 

Acres in the Park, which call J 

The Square Root of which, by Art. 1 

33- is - : 

From which fubftrafling 5, or b> that ] 



^/a^d + b 



is, connecting b by the Sign — , it is j 
Which y/ a : — b by the Queftion ) 

is equal to 50, or d, hence - i 
The Queftion being now expreffed 

in Algebra, and obferving that b 

is not under the radical Sign, there- 
fore tranfpofe b, then 
Now all the Quantities being tranf-~ 

pofed, which were not under the 

radical Sign, fquare both Sides 

of the Equation, as the radical 

Sign exprelTes the Square Root. 

But the Square of y/ a is a, by 

Art. 43. and the Square of d + b 

is dd -f- 2db -f- bb y by Art. 32. 

and making thefe equal to one 

another, for the Square of equal 

Quantities or Numbers muft be 

equal, and we have 

Hence it appears that #, the unknown Quantity, is equal to 
the Square of the Number reprefent-d by d, added to twice the 
Product of the two Numbers reprefented by d and £, and this 
Sum added to the Square of the Number reprefented" by b. 



&c 






"5 


the 


Park, 


b 


= 5> 


a 








s« 








s/« 


: — b 






V* 


:—bz 


~d 





azzdd + 2db + hb 



The Square of the Number reprefented by d is dd, or 
The Product of the two Numbers reprefented by d~ 



and b Is d b y or 250, and twice that Product 
2 d b, or - - - 

The Sum is d d -f- 2 d b, or 






2500 
500 



The Square of the Number reprefented by b is b b, or^ 
The Sum is dd + %db -\-bb, or 3025, which is ) 



300a 
25 



■zz a 9 or the Number fought 



3025 



a* 



Hence, 
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Hence, I fay, there were 3025 Acres in the Park, which is 
thus proved, from the Conditions of the Queftion. 



The Number of Acres in the Park were 
Now the Square Root of that Number is 
From which fubftracSUng - 

There remains what the Queftion requires 



30*5 

55 
5 

5P 



s/a-h 

^a — hzz* 



Queftion 20. A P erf on, who had been fortunate at Gaming, 
was ajked how many Guineas he had won, to which he anfwercd, 
that if the 'Square Root of their Number was extracted, from 
which Root fubjlr acting 7, he Jhould then have 1 6 Guineas*, 
What Number of Guineas did he win ?■ 

Let a = the Number of Guineas won, b = 7, d = 16. 

Now a Perfon won a Number of 7 \ _ \ 

Guineas, which call - 3 

The fquare Root of which by Art. 7 

33- ij \ * - 3 

From which fubftra&ing 7, or b, we 7 

have - 3 

Which ^/a — b by the Queftion is 7 

to be equal to 16, or d> hence 3 
Now becaufe b is not under the 1 

radical Sign, therefore tranfpofe b, > 

then - J 

All the Quantities not under the ra-" 

dical Sign being now tranfpofed, 

in order to clear the Equation of 

the Surd, raife both Sides of the 

Equation to the Square or fecond 

Power. But the Square of ^/ a is 1 

a, by Art. 43. and the Square of 

d + tr'iz d d. -J- 2 df> + b b 9 by 

Art. 32. and making thefe two 

equal to one another, for the Square 

of equal Quantities or Numbers 

muft be equal, and we have 

That is to fay, the -unknown Quantity, .of a, is equal to th£ 
Square of the Number reprefented by d, added to twice the Pro- 
duel of the two Numbers reprefented by d and b, to which Sum 
add the Square of the Number reprefented by £. 

The 



a= dd-\-2db-\-bb 
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The Square of the Number reprefented by d is dd, or 256 
The Product of the two Numbers reprefented by d and 1 

b is db, or 1 12, and twice that Product is 2 d b, or j 224 ~ 

The Sum is rf*/+ 2i/>, or - - 48a 

The Square of the Number reprefented by b is b b, or 49 

The Sum is dd+ 2d b -{- bb, or 529, which is equal 7 
to a, or the Number fought - - S 

Therefore the Perfon won 529 Guineas 5 and is thus proved, 
from the Conditions of the Queftion. 



23 
7 



16 



J fay the Number of Guineas he won was 
For the Square Root of that Number is 
And if from that Square Root we fubftra£fc 
There remains what the Queftion requires 

Queftion 2r. A Gentleman having fold his Eflate, an imper- 
tinent illiterate Perfon afked him what he had fold it for, why, 
Sir, replied he, if you extraft the Square Root of the Number of 
Guineas for which I fold it, and add 17 to that Number, this 
Sum vjill be equal to 317. How many Guineas had the Gentle- 
man for his EJIate ? 

Let a = the Number of Guineas for which the Ell: ate was 
fold, b -±l 17, d = 317. 

Now the Eft ate was fold for a 7 

Number of Guineas, which call 3 

The fquare Root of which by Art. ) 

33- is ' J 

To which 17, or b, being added, we | 

have - - j 

Which ^/ a -f- b by the Queftion is j 

to be equal to 317, or d, hence 3 
The Queftion being now expreiTed 

in Algebra, and becaufe b is j 

*n, > 



not under the radical Sign, ^ 
therefore tranfpofe b, and we \ 
have - . - *j 

Now fquare both Sides of the Equa 
tion, and make them equal to 
another, for the Reafons mentioned 
in the two laft Qu eft ions, and we 

* have 



Equa -> 
to one I 

hnnpn \. 



i\a 



3 






<Sa — d — 1 



a — dd—%db-\-bh 



From 
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From hence we know that a, the unknown Quantity, is 
equal to the Square of the Number reprefented by d y fubftracling 
from it twice the Product of the Numbers reprefented by d and 
h) and adding to the Remainder the Square of the Number re- 
prefented by b. 

The Square of the Number reprefented by d is 7 n 

dd, or - - - - y i IO °4 8 9. 

The Product of the two Numbers reprefented by -j 
h and d is db 7 or 5389, and twice that Product is L 10778. 
2db> or - - 3 

Which fubftrafied, the Remainder is dd — idb y 7 ^ 

- The Square of the Number reprefented by b is 7 * 

I b, or - - - 3 ^ 

The Sum is dd — idb -\-bb, or 90000, which 7 
is equal to #, and is the Number fought I " 

And that the Eftate was fold for 90000 Guineas, is thus 
proved from the Conditions of the Queftion. 

I fay the Eftate was fold for - 90000 Guineas 

For the fquare Root of that is - 300 

To which if we add - - 17 

The Sum is what the Queftion requires - 317 

Queftion 22. A young Gentleman^ when he came of Age, ajked 
his Guardian the annual Rent of the Eftate his Father left him^ 
to which he wis anfwered, that if he extracted the fquare Root of 
the Number of Pounds for which the Eflate was rented^ and to 
this Root if he added 27, it zuould be equal to 100 Pounds* 
What was the annual Rent of the Eflate ? 

Let a zz the Rent of the Eftate, m zz 27, x r= IQO.. 

Now the Rent of the Eftate was - 
The fquare Root of which by Art. 7 

33- is "."""* 

To which 27, or m> being added, we 



s 

Which by the Queftion is to be equal 7 



have 
/hich 
to ioo, or x> hence 



s/* 



The 
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n$ 



</a = x- 



- m 



azzxx- 



*7*xm-\-K 



The Queftion being now expreffed 

in Algebra* begin by tranfpofing 

m, for the Reafons mentioned in 

the former Queftions, and then 

we have 
Now fquaring both Sides of the E- - 

quation, to take away the radical 

Sign, as was done in the foregoing 

Queftions, and then we have - 

And there being no more Quantities to be tranfpofed, the 
Queftion is folved ; for we may find the Value of a in Num- 
bers from the Algebraic Work, thus : 

The Square of the Number reprefented by x is xx 9 or ioooo 
The Producl of the two Numbers reprefented by 1 
the Letters x and m is x m> or 2700, and twice that > 5400 

Producl: is 2 x m, or - - J 

Which fubftracled leaves xx — 2 x m, or - 4600 

The Square of the Number reprefented by m is m m* or 729 
The Sum is 5329, or** — 2xtnj r m?ii, which is 7 
equal to a 9 or the Number fought - -3 

And that the annual Rent of the Eftate was 5329 Pounds, 
is proved from the Conditions of the Queftion. 



I fay the annual Rent of the Eftate was 

For the fquare Root of that is 

To which there being added 

The Sum is what the Queftion requires 



5329 Pounds 



73 
27 



100 



Queftion 23. To find that Number to which 1290 being added* 
if the fquare Root of this Sum is ext rafted, from which Root fub^ 
jl rafting 29, the Remainder may be ji. 

Let* —the Number fought, £=1290, dzz 29, # = 71, 

There is a Number fought, which 7 

I call - - J 

To which 1290, or b, being added, 7 

we have - - J 

• The fquare Root of which Sum by 7 

Art. 34-. is - - ) 

I 



a + h 



y/a-f-b 



Front 
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J L G £ B 

4 
5 



From which fubftracYmg 29, or ) 
d, we have 3 

Which by the Queftion is equal 1 
to 7 1, or a", hence - J 

Now begin the Solution with") 
tranfpofing d, it not being / 
under the radical Sign, and J 
then - - • J 

All the Quantities on one Side 
of the Equation being now 
under the radical Sign, to 
take away that, as the un- 
known Quantity is under 
It, fquare both Sides of the 
Equation as before. Now the 
Square of ^/ a -{- b is a -|- b, 
by Art. 43. and the Square 
of x + d is x x -\- 2 x d -{- dd 9 
by Art. 32. and as the Squares 
of equal Numbers, or Quanti- 
ties, mull: be equal to one ano- 
ther, hence - ' -, 

Now tranfpofe b 9 it being a J> 
known Quantity, and then * 



RJ. 



s/ a + b: — d=:ti 



<y a -\-b z= #-{-<s/ 



tf 4-^ := #'* , + %xd^dd 



azzxx-\-2X d-\- dd— i 



From whence we may:find the Value of # in Numbers. 

The Square of the Number reprefented by x is x x, or 5041 
The Product of the two Numbers reprefented by x 1 
and d is x d, or 2059, and twice, that Product is J* 4r iS 



2#rf> or 

The Sum is x x -\- 2 x d, or 

The Square of the Number reprefented by dh J d, or 

The Sum is x x -j- 2 x d-\- dd, or 

From which fubftracting the Number reprefented by b 

There remains 87 10, or xx + 2 x cl -\- dd—b 
which is -=. 0^ or the Number fought 



9159 

84 1 

IOOOO 

1290 

} 8710 



And is thus proved from the Conditions of the QueftioiT* 
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121 

8710 

1290 



1 0000 




1 fay the Number fought is - 

For if to that we add * * 

The Sum is * 

The fquare Root of which is 

From which fubflradting - * 

There remains what the Queftion requires 

Queftion 24. A Perfon being ajked his Age, replied, that if 
from my Age you fubjlrah 11, and extra ft the fquare Root of the 
Remainder, to which Root adding 13, this Sunt will be equal to 
20. What was the Age of the Perfon ? 

Let a~ the Number of Years, or Age of the Perform 
b = ii, m =■ 13, d-=z 20. 



Now the Age of the Perfon is 

From which if we fubftradt 11, 1 
or by we have - 3 

The fquare Root of which by ) 
Art. 34. is 3 

To which adding 13, of m> we 7 
have 3 

Which by the Queftion is equal 7 
to 20, or d; hence we have 3 

The Queftion being thus ex- 
prefled in Algebra, and m not 
being under the radical Sign, 
therefore tranfpofe m ; then 

Now fquare both Sides of the^ 
Equation, to clear it of the 
Surd, as in the former Que- 
ftions. But the Square of 
y/ a — b, is a — b 9 by Art. 
43. and the Square of d~m 
by Art. 32. is dd—idm 



-\~m?n'> then as the Squares of 
equal Quantities are equal, we 
have - - 

And by tranfpofing b we have 



s/a — b 

\/ a — b : -\~m 

y/a — b: -f ni^id 



^/ a — b = d — m 



a< — b-=zdd — 2dtn-\-mm 



By which we find what a is in Numbers 



a =r dd — 2dm J^mm^-h 
Thus, 



The 
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ThcSquare of the Number reprefented by d is dd 9 or qo% 
The Product of the two Numbers reprefented by d\ 
and m is dm, or 260, and twice that Product is 2 dm, or 3 $ 20 



Which 520 fubftra&ed from 400, leaves dd — 2 d m> 1 
or — 120, (fee the Numerical Work in Queflion 6.) 3 ~ 120 

The Square of the Number reprefented by m ism m, or 169 

Which 169 added to — 120, makes*/*/ — 2 dm + mm/l 
0r + 49, (fee the Numerical Work in Queftion 6.) J 4< ? 

To which adding the Number reprefented by b - 1 1 

The Sum is 60, which I fay is zz a, or the Age of the 7 A 

Perfon - - '■-''." 3 °* 

And is proved from the Conditions of the Queflion, thus : 

I fay the Perfon was - • 60 Years old 

For if from that you fubftraft * - 1 1 

There remains - - - 49 

The fquare Root of which is - 7 

To which adding - - 13 

The Sum is what the Queflion requires 20 

To reduce an Equation by Evolution. 

50. This is done by the Extraction pf Roots, for if after all 
the known Quantities have been carried to the other Side of the 
Equation from the unknown Quantity, it appears that one 
Side of the Equation is the Square, Cube, or any Power of the 
unknown Quantity, then extract fuch Root of both Sides 
of the Equation as will deprefs or lower this Power of the un- 
known Quantity to theory? Power; that is, if one Side of the 
Equation is the Square of the unknown Quantity, then the 
Square Root muft be extracted ; and if it is the Cube of the un- 
known Quantity, then the Cube Root muft be extracted, and 
Ho on, which deprefling the unknown Quantity to the firft 
Power, the Queflion is anfwered. 

Queflion 25. What is tjoat Number, if to the Square of which 
there is 51 added, the Sum may be 1 00 ? 

Lettftr: the Number fought, h r: 51, tn = 100. 

Now 



Hosted by G00gk 



a 

a a 

a a -f- b 

a a + b = m 

aa~m—b 
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Now there is a Number fought, which ) 

I call ... J 

The Square of which by Art. 31. is 
To which 51, or b> being added, we 7 

have - - 3 

And this aa-\-b is by the Queftion to 1 

be equal to 100, or m \ hence 3 

The Queftion being expreffed in Al- 1 

gebra, begin and tranfpofe b ; then \ 
The known Quantities being now all 

on one Side of the Equation, and the 

other Side being a a> or the Square 

of a; therefore by the Rule extract 

the fquare Root of both Sides of the 

Equation. Now the fquare Root of Y 

a a is a, by Art. 33. and the Square 

Root of m — bis^/m — i>, by Art. 

34. and as the fquare Root of equal 

Quantities muft be equal, therefore j 

Hence #, or the Number fought, is equal to the Number 
reprefented by m, fubftracYing from it the Number reprefented 
by by and extracting the fquare Root of the Remainder, 



azz v / i 



100 

49 



and 1 



The Number reprefented by m 9 is - 

From which fubftra&ing £, or 

There remains m — b, or 
The fquare Root of which h^/m — b ? or 7, 
is equal to a, or the Number fought 

And is thus proved : 

I fay the Number fought is - * 

The Sqtiare of which is - 

To which adding - ■* 

The Sum is what the Queftion requires 



Queftion 26. J Merchant had gained fi many Pounds^ that if 
from the Square of their Number is fubjlracled 1 o I , and to the 
Remainder add 500, this Sum will be 3COO Pounds, Wb$t hud 
the Merchant gained ? 




R a 



Let 
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Let a =i= the Gain of the Merchant, bzz ioi, wrr 500* 
^=3000. 



Then a Merchant had gained a certain 

Number of Pounds, called 
The Square of which is by Art. 31. 
From which fubflrafting 101, or b> we 

have - - - 

To which adding 500, or m, we have 
This, by the Queftion, js to be equal 

to 3000, or p; hence 
By tranfpofing m we have - 

By tranfpofing b it rs 
By extracting the fquare Roots, as at the 

ibrth Step of the laft Example ; then 



\\ 


I 


* 


2 


} 


3 




4 


1 


5 




6 


? 


7 


1 


8 



a 

aa 

aa — b 

aa — b-\-m 

aa — b + m — p 

aa—~ b = p — m 

aa zzp — m + h 



a =. iy/p — m -J- b 



That is, a is equal to the Number reprefented by />, fub- 
ftra&ing from it the Number reprefented by m^ and adding to 
this Remainder the Number reprefented by b> and extracting 
the fquare Root of the Sum. 



The Number reprefented by p is 
From which fubftracling w, or 
There remains p — m, or 
To which adding b, or 

The Sum is p — m + b, or 



The fquare Root of which is \/ p~-m-\-b) 
51, equal to a> the Number fought 



or 



3000 

500 

2500 

2601 

t 5? 



And is thus proved, from the Conditions of the Queftion, 

51 Pounds 



I fay the Merchant gained 
For the Square of that is 
From which fub.ftra&ing 

There remains 

To whicfi adding : r 

The Sum is what the Queftion requires 



2661 

101 

2500 

3000 



Queftion 27. If to the Square of the Number of Mile $ a Per- 
fon had travelled there is added 97, fubflrafting from the Sum 
251, and adding to the Remainder 160, this Sum will be IQO06. 
How many Miles had he travelled? 

Let 
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aa 



Let a zz the Number of Miles he had travelled, h = 97 
w= 251, #:z: 160, z = 10006, * 

Then a Perfon had travelled a cer- } 

tain Number of Miles, called J 
The Square of which is by Arti- ] 

cle 31. - - i 

To' which adding 97, or b y it is 
From which fubftrac1:ing 251, or J 

w, gives - - i 

To which adding 160, or x, it is 
Which by the Queftion is to be J 

equal to 10006, or z, whence $ 
By tranfpofing x it is 
By tranfpofing m we have 
By tranfpofing b then 
By extracting the fquare Root, as 1 

at the eighth Step of the laft f 

Example, we have - J 



aa -\>b 

aa-\-b — m 

aa -f- b — m-\-x 

aa + b — m-\-x s: % 

aa-\-b — ?w=z z # 

aa + b =z z—x+m 



aa 



z~-x + m — k 
a — \/z — x + m — k 



That is, from the Number reprefented by z, fubftracl the 
Number reprefented by *, to the Remainder add the Number 
reprefented by m, from which Sum fubftraa the Number repre- 
fented by b , extraft the fquare Root of the Remainder, and it 
Will be the Number fought. 



The Number reprefented by z is 
From which fubftra£ting x, or 
There remains % — .v, or 
To whjch adding m> or 
The Sum is z — ■ x -J- m y or 
From which fubftra&ing b 9 or 

There remains z . — ^ 4* ^ — £> <5r 




IOOOO 



The fquare Root of which, or s a ~ * -f "^7, is ) 
the Pfumher fought . - _ £ 100 



PROOF. 
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I fay the Perfon had travelled 

For the Square of that is 

To which adding 

The Sum is - 

From which fubftrafling 

There remains 

To which adding 

The Sum is what the Queftion requires 




10006 



Queftion 28. A General, upon numbering his Army, found, 
that if from the Square of the Number of Men in his Army, there 
was fubjlrafted 3196, and to the Remainder adding 272/, from 
which Sum fubjlrading 17 II, there would remain 99997814.. 
Xo find the Number of Men in the Army f 

Let a = the Number of Men in the Army, b = 3196, 
m = 2721, xzzz 1711, z = 99997814. 

The Number of Men in the Army 7 

was - 3 

The Square of which is by Ar- 7 

tide 31. - - 3 

From which fubftra&ing 3196, 7 

or B- 9 it is - - $ 

To which adding 2721, or m,\ 

gives 3 

From which fubfi rafting 17 n, 7 

or x, we have 3 

Which by the Queftion is equal to 7 

99997814, orz; hence 3 

Firlt, by tranfpofing x 
By tranfpofing m 
J3y tranfpofing b - 

|Jy extracting the fquare Root, as 7 

in the former Examples - i 

By Numbers thus : 

% is 



aa 

a a — b 

a a — b + m 

aa ~b-\- m<—x 

a a — b + m — x = z 

aa — b-\- m — z -±- x 
aa — b zz z + x — m 
a a -=, z 4- x — m + b 



azz ^/z^-x — m-^i 
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ss is in Numbers - 

To which adding #, or - - 

The Sum is z + #, or 

From which fubftra&ing m 9 or 

There remains z-1-.v — w, or 
To which adding £, or 
The Sum is z -\- x — m -\- b*, or 
The fquare Root of which is #, or the Number ; 
fought j 



I27 

99997**4 
J711 

99999525 

2721 

99996804. 

IOOOOCOOO 

1000a 



Which is thus proved : 

I fay the Number of Men in the Army were 100 00 

For the Square of that is 100000000 

From which fubftracling - - 3196 

There remains - - 99996804 

To which adding - - 2721 

The Sum is - - 999995^5 

From which fubftra&ing - - 17H 

There remains what the Queftion requires - 99997814 

51. Thefe being the particular Methods by which Equations 
are reduced, 'or Queftions anfwered, we fhall now add fome 
Examples where all thefe Methods are promifcuoufly ufed. 

Queftion 29. A Merchant broke for fo many Pounds, that if 

their Number was multiplied by 4, and the Produft divided by 6, 

end extracting the fquart Root of the Quotient , from which fub- 

jlratting 60, there remains 40. What was the Su?n for which 

the Merchant broke ? 

Let a =z the Number of Pounds foughtj b = 4.3 */ = 6j 
m = 60, p — 40. 



Then the Merchant broke for a' 
Number of Pounds, called 

Which multiplied by 4, or b> we 
have 



This divided 
have 



by 6, 



or 



we 



a 

ba 

ba 
d 



The 
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The fquare Root of which 1 

is by Art. 33. - J 

From this fubftra&ing 60, 7 

or 772, we have - J 

Which by the Queftion is 1 

equal to 40, or />, hence 3 
Becaufe m is not under the 1 

radical Sign, therefore > 

tranfpofe it, by Art. 49. J 
Now fquaring both Sides of 7 

the Equation by Art. 49. 3 
And multiplying by d, by 7 

Art. 47. then - 3 

Rejecting d from — ™ 



and putting down the 
other Quantities without ( 
any Alteration, as at j 
Art. 47. we have - J 
Dividing by b> by Art. 48. 1 
then J 



Rejedlinc 



b from — , 
b 



and 



putting down the other < 
Quantities without any 
Alteration, as at Art. 
47, or 48, we have 



10 



11 



12 



y b a 
• --» = > 

d 

~— dppJ^2dpm+dmm 
d 



bazzdpp-^zdpm + dinm 



ba _ dpp-}-2d pm + dmm 



dpp ~\-2d pm-^-dmm 

: . 



In Numbers thus : 

dpp = 9600 
-{- 2 dpm-n 28800 
-j~ dmm n: 21600 

Sum 60000 or dpp + 2 d p m -\- dm m 

Kow dividing 6ooco, or dpp -f- 2 dp m + dm w, by 4, or b> 

we have d It±l^l±l n ^, or 6000P, divided by 4 = 15000, 

b 
which is equal to a y or the Number of Pouads for which the 
Merchant broke, 

1 PROOF, 
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PROOF. 




15000 

4 

6)60000 








IOOOO 


(100 

60 


the fquarc Root of 


IOOOO 



40 as the Queftion requires. 

Queftion 30. A Gentleman having bought a Houfe, and being 
difpofed to try the Knowledge of his Son in Algebra, told him, if 
the Number of Pounds the Houfe cojl was divided, by 8, and that 
Quotient multiplied by 50, and extraSling the fquare Root of 
the Produfl, to which adding 10, this Sum would be 60 Pounds. 
What did the Houfe cofl ? 



Let a 

p = 60. 



the Price of the Houfe, b = 8, d zz 50, m == 10, 



Now the Price of the 7 
Houfe is J 

Which divided by 8, or b, 7 
it is - J 

This multiplied by .50, or 7 
d, we have - i 

The fquare Root of which 7 
is, by Art. 33. - J 

To which adding 10, or m 

This, by the Queftion, is 7 
equal to 60, or p, hence i 

The Queftion being now--, 
exprefled in Algebra, and / 
m not being under the 
radical Sign, tranfpofe it 
by Art. 49. then 

Now fquaring both Sides of 1 
the Equation, by Art. 49. ] 

And multiplying by b, by } 

. Art. 47. I 



a 
1 

da 
b 
y da 

»4'+- 

.da , 






da 

b 
bda 



— — p p—~ 2pm -\~mm 

bpp — ibpm -\-bmm 



I b 



Rejecting 
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Reje&ing J from - — 



, and") 

reft as V 
tep of\ 

then J 



putting down the 
at the twelfth Step 
the laft Queftion, then 
Dividing by </, by Art. 48. 1 
then - I 

Rejecting rf from — , and 

putting down the reft as 
at Art. 47, or 48^ and 

In Numbers : 



i 



10 



11 



12 



da — bpp — 7.bpm\b mm 
da _bpp — lbpm\\- bmm 



^ bp p — 2 bpm-\- b mm 
d 



bpp — 2S800 
— 2bpm=: — 9600 

19200 

-J- b m m zz 8co 

J=5|o)2ooo|o 

400 = a, the Number of Pounds the 
Houfe coft. 



PROOF. 

8)400 

5° 



2500 (50 the Square Root of 2500 
10 
60 as the Queftion requires, 

CONSECTARY. 

If the Reader compares the eighth, ninth, and tenth Steps of 
the laft Work, he will find that to multiply any Fraftion by its 
Denominator, or any Dividend by its Divifor, is only to rejeft 
the Denominator, or Divifor, from that Quantity, and multiply , 
it int6 all the other Quantities ; thus, the Equation at the eighth 

Seep is— —pp — 2 pm+mm, which being multiplied by 
b 

its 
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its Denominator b, we have at the tenth Step da^bpp 

— 'ibpm-\-bmm\ the ninth Step, or = bpp — 2 bp m 

b 

+ b m m, being only a more particular Ulufiration of the 
Work. 

And by comparing the tenth, eleventh, and twelfth Steps of 
the fame Work, it appears, that to divide any Quantity,- by 
any Letter in that Quantity, is only to rejed that Letter from 
the Quantity, and placing it as a Divifor to the other Quan- 
tities ; thus, at the tenth Step, the Equation is da r= bpp — 
ibprn-^-bmrn, which being divided by d> gives at the twelfth 



c f __bpp— ibpm A- bmm 
ep a _. -. - ; 

bpp — lb pm-\-bmm 



the eleventh Step or — = 
d 

being only a more particular Illuftration 

a 
of the Work. 

Therefore we fhall for the future leave out fuch Steps as the 
ninth and eleventh : I did not choofe to do it before, my Delign 
being to make this curious Science as eafy as pofiible. 



Queftion 31. A Running- Footman being fent of an Errand^ 
%v as told^ that if he fquared the Number of Miles he was to run, 
and multiplied the Square by 4, and divided the Product by 40, 
to this Quotient adding 500, from which Sum fubjlraEling 1400, 
and extracting the fquare Root of the Remainder , it would be 10. 
How many Miles was the Footman to run ? 

Let a r= the Number of Miles the Footman was to run, 
£ = 4, </=;4o, wz=5oo, x zz 1400, p zz 10. 

The Number of Miles the Foot- 7 

man was to run let be - J 
Which being fquared is by 7 

Art. 31. - J 

This being multiplied by 4, 7 



or b y we have 
This being divided by 40, or d, 7 
it is * ) 

To which adding 500, or m y 1 



gives 



a a 

baa 
baa 

~7~ 
baa , 

d ^ 



S 2 



From 
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} 



From which fubftracTmg 1400, 
or x> we have 

The fquare Root of which is 
by Art. 34. - 3 

Which by the Queftion, is equal 1 
to 10, or p, therefore - 3 

Now fquare both Sides of the 1 
Equation, by Art. 49. and 3 

By tranfpofing x, we have - j 

By tranfpofing m> we have 

J5y multiplying by d by the 1 
ConfeSfary, Page 1 30. - 3 

And dividing by b by the Con- 7 
fettary, Page 130. - J 

J^ow extracting the fquare Root, 
by Art. 50. 



baa 



-\- m — x 



baa 

. + m — x 

J———- 
(baa . 
\/-J +m — x = P 

baa 



\- m — x =/> p 



baa. A A , 

baa 



= PP +# — m 
a 

ba a = dp p -\- dx — dm 

dtp 4- d x — dm 

a a zz \ r L . 

fdpp -\-dx-dm 



In Numbers : 

dp p — 4000 
r^dx =z 56000 



60000 

-dmrrz. — 20000 

b zzz 4.) ^loooo 



10000 (100 the fquare Root of 10000, hence 
the Footman was to run 100 Miles. 



PROOF. 

^/If-f + 500 — 1400 = 10 
40 

I have not drawn out the Proof of the laft Queftion into Par- 
ticulars, but only expreffed it at once ; that is, four times the 
Square of a (which is fouqd to be 100) being divided by 40, if 
to this Quotient we add 500, and from this Sum fubftracl: 1400, 
the fquare Root of this Remainder will be equal to 10. And 
now I fcall exprefs all the Conditions of the Queftion at the firft, 

Equation, 
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Equation, that the Learner may form fome little Judgment in 
what Manner to fhorten his Work; and if he conceives how the 
Proof of the laft Queftion is exprefled, it will eafily lead him to 
the Knowledge of exprefling the Conditions of the Queftion, or 
raife fuch Equations as arife from the Queftion without parti- 
cularizing every Circumftance. But if the Learner finds any 
Difficulty in this, he may proceed as before. 



Queftion 32. J Gentleman who had been at the Gaming- 
Tables, and lofing, fome of his Acquaintance laughing at him for 
his Folly », afked how much he had lojl ; to which he anfwered, if 
you fquare the Number cf Pounds I have loft, and divide that 
by 4, multiplying this Quotient by 10, to which Produd add 
3900, then extracting the fquare Root of this Sum, from which 
fubjlracling 8o> the Remainder will be equal to 90. HuW muclj 
had he lojl ? 

Let a =z the Number of Pounds loft, b = 4, d = 10 

m = 3900, p = 80, z =z 90. f 



Then by the Queftion 

By tranfpofing />, it~j 
not being under the / 
radical Sign, by Art. ( 
49. we have - J 

By fquaring both Sides 1 
of the Equation, by r 
Art. 49. then - 3 

By tranfpofing m y it is 

Multiplying by b by } 
the Confe&ary, Page > 

130. - 3 

Pividing by d by the 7 
fame - j 

Extracting the fquare | 
Root, by Art. 50. j 

In Numbers : 



fdaa 
V/— — +/«:— p ~z 
b 



fdaa . 



da a 



-f m =z u-f 2zp -\- pp 



da a 
— zzzz + 2zp+pp— m 

daazz bzz+2bzp -j- bpp — b 



m 



aa= h ^ + *bzp-\-bpp~ b m 

d ~ 

az=z ft xz + 26zp-\- bpp SbZ 



dzz 
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kz= 32400 

2*Z^Z:57600 
= 2560O 



I I560O 

m-hm^ —« 15 600 
dzz i]o) ioooo|o 



10000(100 = a> the Number of Pounds loft. 

1 



o 

PROOF. 



fro a a . n 

1/ + 39 00 i — 80 zz 90 



To reduce an Equation when the unknown Quantity 
is in fever al Terms. 

52. When the unknown Quantity is in more Terms than 
one, bring all thofe Terms which have the unknown Quantity 
to one Side of the Equation, taking Care that the greatejl Co- 
efficient of the unknown Quantity has at I aft the affirmative 
Sign, and carrying all the Quantities that are known on the 
other Side of the Equation ; then divide both Sides of the 
Equation by all the Co-efficients of the unknown Quantity, con- 
nected with the fame Signs of + an d — > as they then happen 
to have, which will reduce the Equation, as in the following 
Examples. 

If the unknown Quantity fhould be in more than two 
Terms, tranfpofe thofe Terms in fuch a Manner, that the Sum 
of the pofttive Co-efficients of the unknown Quantity may 
exceed the Sum of the negative Co-efficients of the unknown 
Quantity, and then divide as before direcled. 

Queftion 33. There is a certain Number which being multiplied 
by 10, if this ProduSt is divided by 2, to this Quotient adding 19, 
and fubjlracling 99 from that Sum, the Remainder will be equal 
to the Number fought. 

Let a = the Number fought, b — io> d~2 y m = 19, 
2 By 
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By the Queftion 

By tranfpofing % 



J 35 






By tranfpofing m 

By multiplying by d by the 7 
ConfeSfary y Page 130. - 3 

Becaufe d is lefs than £, tranf- -\ 
pofe da, that both the Terms J 
Which have the unknown > 
Quantity, may be on the fame 1 
Side of the Equation, then 

And dividing according to the 
Rule by b — d 9 the two Co- 
efficients of a, we have 






the 7 



ba 

d 
ba 

d 
bazz da + dz<—dm 



.-{- m -=za -\- z 

zz a-\-z~-m 



ba — da = dz — dm 



dz — dm 



= 20 the 



b—d 
Number fought* 



10 # 



PROOF. 



+• 19 — 99—* 



The Divifion at the fifth and fixth Steps, viz. that ha — da^ 
divided by b — d y mould leave only a 9 may perhaps a little 
perplex the Learner ; and if it does, I advife him to examine 
Art. 10. where he may obferve, that in multiplying any com- 
pound Quantity by a fingle Letter, that Letter goes into every 
Term of the Product, therefore the Multiplier is not fo many 
Times that Letter as the Number of Terms are in which that 
Letter is found, but only that fingle Letter multiplied fuc- 
ceffively into all the other Quantities ; hence, if this Product 
is to be divided by all thofe Quantities, the Quotient will be 
the fingle Letter, and not fo many Times that Letter as the 
Number of Terms are in which it is found. See farther the 
Proof of the Queftion 38. and Art. 22. 

Queftion 34. A Gentleman bought an Ejlate for Jo many Pounds ^ 
that if they were multiplied by 4, and this ProduSf divided by 5, 
from which Quotient Jubjlrafling 600, and adding to the Re- 
mainder 6 Times what the Ejlate cojl^ this Sum will be equal to 
6200 Pounds, How much did the Ejlate cojl ? 

Let 
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Let a = the Number of Pounds the Eftate coft, b = 4> 
d — $, m = 6oo, /> ~ 6, # = 6200. 



Then by the Queftion 

By tranfpofing w, we have 
Multiplying by ^ by the Con- 1 

feclary, Page 130 - \ 

Dividing by b + <//>, the Co- 1 

efficients of <?, as in the laft > 



b a , . 

d ^ r 

b a * L x 

— 4- p a rz x + m 

b a + dpa=:dx~{-d? 



Queftion, and we have 

Therefore the Eftate coft 1000 Pounds, 



dx-\- dm 
a =z — — ' — — = IOOO 
b + dp 



PROOF. 

J— — 600 + 6tfzz 6200 
5 

Queftion 35. A P erf on had a certain Number of Shilling s y 
which multiplied by 4, this Producl being divided by 1 1 , to the 
Quotient adding 90, and from this Sum taking away 30, the 
fquare Root of this Remainder will be equal to the fquare Root of 
the Number of Shillings fought, after being diminijhed by 1 0. 

Let a -=z the Number of Shillings fought, b = 4, d~ 11, 
x = 90, p zz 30, Z — 10. 

Then by the Queftion 

Becaufe there is no Quantity on 

each Side of the Equation but 

what is underthe radical Sign, 

therefore fquare both Sides of 

the Equation, by Art, 49. 
Multiplying by d by the Con- 7 

feflary. Page 130, - J 

Becaufe d y one Co-efficient of a, y 

is greater than b y the other f 

Co-efficient of a 9 tranfpofe ? 

I a> then - - v J 



a 



ba 



-\-x—p = a. 



ba-\-dx — -dp = da — dz 



dx — dp zz da — dz — ba 



Tranfpofing 
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l 27 



Tranpofing dz 

Dividing by d — b, the two ^ 
Co-efficients of a, as at(^ 
Queftion 33. Step 6. wef 
have ■■) 



dz-\-dx — dp zz da — ba 
__ dz-\- d x — dp ^ 



= no 

d—b 

(the Number fought. 

If the Learner choofes to have the unknown Quantity 

on the left Side of the Equation, he might have put the 5th Step 

thus, da — ba=dz-\-dx — dp, this being only to change 

the Sides of the Equation, not to alter their Value. 

PROOF. 



n 



If tf~uo, theny/-!- +90 — 30 = ^/^7 — iq 
11 

Queftion 36. A Running- Footman forward to Jhow his Learn- 
ing, being in Company, /aid, if the Number of Miles he had run 
was multiplied by J, to which Product adding 550, and fubfracl* 
ing 20 from that Sum, and dividing the Remainder by 10, the 
fquare Root of the Quotient will be the fame, as if you added 
1 4 Miles to thofe he had run, and extracled the fquare Root of 
that Sum. 



Let a n the Number of Miles he had run, b 
m zz 20, p -=z IO, x zz 14. 

Then by the Queftion 

There being no Quan--^ 

tity without the radi-v 

cal Sign, therefore fquarev 

both Sides of the Equa-( 

tion as at the fecond Step\ 

of the laft Queftion - w/ 
Multiplying by p by the 7 

Confcttary, Page 130. j 

Becaufe p, one Co-efficient , 

of a, is greater than b, the(^ 

other Co-efficient of a, T 

therefore tranfpofe b a J 

By tranfpofing p x 
Dividing by p — b, the two 

Co-efficients of a, as at 

Queftion 33. Step. 6. we 

laave 



= 7>^=550, 




a-\-x 



b a -\~ d — m 



ba-\- d — >?n zzp a -j- p x 

d — mzz pa-\-p x — ba 
d— m — p xzzzp a — ba 



a — 



d — m — p x 



:r 1 30 the 

p — b ° 

("Number of Miles required, 
PROOF, 
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s/ 



f~l a 4- 5 so — 20 _ 



10 



= V* + 14 



T0 reduce an Equation when the fame Quantity \ either known 
or unknown^ is in every Term of the Equation. 

53. In any Algebraic Operation, if the fame Quantity, either 
known or unknown, is in every Term of any Equation, then 
divide every Term of the Equation by that Quantity, which will 
reduce the Equation to more fimple Terms, as in the following 
Queflions. 

Quefiion 37. To find a Number which multiplied by 4, and 
the Product added to the fame Number multiplied by 56, and 
divided by 7, this Sum will be equal to the Square of the Number 
fought. 

Let a = the Number fought, b = 4, dzzz 56, m zz 7. 



Then by the Queftion - j 

Multiplying by m by. the > 

Confeclary, Page 130. 3 

Becaufe a is in every Term 1 

of the Equation, divide V 

by #, then - - 3 
Dividing by w, the Co. 

efficient of *, by the CW 
fefiary, Page 130. and 



: l 



. . da 
ba-\- — zz a a 

m 

mba-\- da zz m a a 
m b-}- d =ma 
mb A~ d 



12 theNum- 
(ber fought. 



PROOF. 

4# -{- 2 — =# <z 
7 

Queftion 38. There are two Towns at f itch a Vijlance, that if 
the Number of Miles between them is multiplied by 79, and this 
Producl added to their Dijlance, the fquare Root of this Sum will 
be equal to the bijlance of ihe two Towns multiplied by 2. ^ 
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Let a rr the Diftance of the Towns, b — 79, mz=2. 
Then by the Queftion 
There being no xational Quantities on \ 

the fame Side of the Equation where ( 

the radical Sign is, fquare both Sides/ 

-of the Equation, and ^ 

Dividing by a, it being in every Term 1 

of the Equation, and 1 



Dividing by m w, the Co-efficient of a\ 



<y ba-\- a ~ ma 
b & i-\-a zz mm a a 



b -{- i ~m m a 
_ b+i 



2Q 



Hence the Diftance between the two Towns is 20 Miles, 
PROOF. 



s/j9# + a zz 2 a 

If the Reader does not eafily conceive that dividing b a -f- a, 
or ba -f- 1 a at the fecond Step, by a, gives b 4- 1, as at the 
third Step, I advife him to confider what is faid at Queftion 
33 ; to which may be added, that b + 1 x a =.'& a -\- a> whereas 
b+iX2azz2l>a-i-2a 9 a Product very different from 

b a -|- a. Or it may be explained thus, IL — a r—, 

the a being rejected by Art. 22 and 26, 



* + i, 



7^£ Manner of regifkering the Steps of an Algebraic 
Operation explained. 

54. Having explained to the young rfnalyjl the different 
Methods of managing Equations, to fave the Trouble of ufing 
fo many Words, 1 fhall now fhow him the Method of regijler- 
ing the Steps, introduced by the ingenious Dr. "John PelL 

To re gift er the Steps of an Analytic Operation is only to ex- 
prefs in the Margent of the Work by Symbols, inftead of Words, 
what has been done ; and to render it as eafy as may be to 
the Learner, we fhall refume the Work of one of the former 
Queftions, and exprefs by Words what is done in one Column, 
in another Column exprefs the fame Thing by Symbols, or 
Characters, and in the third Column place the Work itfelf, 
that by comparing the Operation with the Qbfervations that 
follow it, the Reader may the more eafily underftand the 
Manner of registering the Steps. 

T 2 Queftion 
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fb a a __ 



baa 



Queftion 39. A Running- Footman being fent of an Errand, 
was told., that if he fquared the Number of Miles he was to run ? 
and multiplied it by 4, and divided the Produft by 40, to this 
Quotient adding 500, from which Sum fubjlrafiing 1400, and 
extracting the fquare Root of the Remainder^ it would be IQ. 
How many Miles was the Footman to run ? (this is Queft. 31.) 

Let a = the Number of Miles the Footman was to run, 
i±4, d — 4.Q, m— 500, *= 1400, p = 19. 

Then, by the Queftion, we have 
the fame Equation as at the 
eighth Step, Queftion 31. 

Squaring both Sides ofS 

t£ie Equation, or in- j 

volving them to the s 

iecond Power, by \ 

Art, 49. - -? 

Py franfpofing x at the ) 

fecond Equation 5 
By franfpofing m at the 

third Equation - 
Multiplying the fourth 

Equation by d - 
Dividing the fifth Equa- 
tion by b - 
Extrading the fquare 

Root of the fixth E- 

quation, by Art. 50. 

For another Inftance let us take Queftion 33. 

Queftion 40. There is a certain Number^ which being multiplied 
by to, // this ProduSl is divided by 2, to this Quotient adding 19, 
and fubflratting 99' from that Sum, the Remainder will be equal 

to the Number fought. 

Let a = the Number fought, b zz 10, d = 2, m = ig> 



} 



} 



Regifter 


I®-2 


24"-^ 


3— #2 


4 x ^ 


5-W 


6 iw 2 



£ tf tf 

baa 
~~7~ 



+ m — x zzfrp 



+ m=pp-\-x 
■ = zp p -f- x — m 



baazzdpp-\-dx — dm 
dpp + d* — dm 



a a 



(apP+dx-^-dm 
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\ba 

I 

Regijler 
I -\-z 



Then by the Queftion - 

By tranfpofing z from the 7 
firft Equation - J 

By tranfpofing m from the ? 
fecond Equation - 3 

Multiplying the third E- 1 
quation by d - ) 

By tranfpofing d a from 7 
the fourth Equation J 

Dividing the fifth Equa- \ 
tion by b — d, the two ( 
Co-efficients of a, by C 
Art. 52. ' 



2 — m 

4 — rf# 
5—b-d 



141 

4- tf* — % rr a 

ba-=ida-\~dz — dm 
ba- — da~dz—«dm 



-dm 

— ~ =2 20 



d 
b_a 

d 
ba 

T 



From thefe two Examples we may obferve, that to regijlet 
any Operation, is only to put down the Figure which ftands in 
the Column againft that Equation, from which we intend 
to raife the next Equation, and after that the Sign of either 
Addition, Subjlraclion, Multiplication, Divifion, Involution and 
Evolution^ according as the Cafe requires, and after this the 
.Quantity which fufTers the Alteration. 

Thus at Queftion 39, the firft Equation being raifed or in- 
volved to the fecond Power produces the fecond Equation, there- 
fore, I fay in the Regijler 1 ©- 2, that is, the firft Equation 
involved to the fecond Power gives the fecond Equation, and 
in the fame Operation. 

Becaufe the fourth Equation is produced from the third, by 
tranfpofing m with the Sign — , therefore in the Regijler I fay 
3 — fn y that is, the third Equation — m, produces the fourth 
Equation. And, 

As the fifth Equation is produced from the fourth by multi- 
plying by i, therefore I fay in the Regijler 4 X i, that is, the 
fourth Equation multiplied by d y produces the fifth Equation, 
And, 

As the fixth Equation is produced from the fifth by dividing 
by £, therefore, I fay in the Regijler 5 -h £, that is, the fifth 
Equation divided by Z>, produces the fixth Equation. And, 

As the feventh Equation is produced from the fixth by ex- 
tracting the fquare Root, I fay in the Regijler 6 w 2, that is, 
the fixth Equation having the Square Root extracted, produces 
the feventh Equation. 

% Whence, 
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Whence, as I faid above, to regifter any Operation, is only 
to put down whether it is the firft, fecond, third, fourth, or any 
other Equation, which fuffers the Alteration, and from which 
the new Equation is raifed ; and after that Figure to expreis in 
CharaQers, or Signs, the Alteration that is then made to gain 
the new Equation. 



The Method of refolving ^uefiions that 
contain two Equations^ and two un- 
known Quantities. 

55. ^ I'VHE foregoing Queftions requmng only one unknown 
JL Number to be found, their Conditions were all 
expreffed in one Equation, which Equation being reduced by 
the Rules already delivered, the Queftion was anfwered. 

But if the Queftion requires two unknown Quantities to be 
found, then there are generally raifed two Equations from the 
Queflion, each of them including both the unknown Quan- 
tities $ which may be refolved by this 

RULE. 

Find what the fame unknown Quantity is equal to in each 
of the two Equations, which arife from the Conditions of the 
Queftion, then make thefe two Equations equal to one another, 
and in this Equation there will be but one unknown Quantity > 
confequently if this Equation is reduced by the Rules already 
given at Art. 46 to 53. we mail find what this unknown 
Quantity is. 

And to find the Value of an unknown Quantity in any 
Equation, is only to find what it is equal to, therefore all the 
other Quantities, whether known or unknown, muft be carried 
to the other Side of the Equation by the Dire£tions at Art. 46 
to 53. and then it will appear to what this unknown Quantity 
is equal, as this makes one Side of the Equation, the other Side 
of the Equation being known Quantities, with the other un- 
known Number or Quantify 7 fought. 

Finding 
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Finding the Value of the fame unknown Quantity in ea'ch 
of the given Equations, and making thefe two Equations equal 
to one another, which clears the Work of that unknown 
Quantity whofe Value was found, is called exterminating an 
unknown Quantity. 

Queftion 41. To find two Numbers, if the greater is added 
to the lejfer y the Sum is 26 2. 

But if from the greater you fubfiratt the leffer, the Remainder 
is I44. 

Let a r: the greater Number, and e ~ the lefier Number 
fought, h — 262, x =144. 



a -}-* m b* 



By the 
> Queftion 



Now the Sum of the two Num- "] 
bei s in Algebra is a -f- e, which I 
is equal to 262, or b, hence j 
we have J 

And the leffer Number being ^ 
fubftracled from the greater is / 
a- — e, which is equal to 144, r 
or x y hence we have - J 



The Conditions of the Queftion being now exprefled, there 
appears in the above two Equations, two unknown Quantities 
a and e, therefore according to the Rule find what a is equal to 
in the firft Equation, by tranfpofing e. 



I — e 

Now find what a is equal to ' 
in the fecond Equation, by 
tranfpofing e 

2 + e 



a — b — e 



azz x -}- t 



Therefore make the third and fourth Equations equal to one 
another, for they are both equal to the fame Quantity a, which 
exterminates that unknown Quantity : this Step is regijhred by 
placing the 3 and 4 with a Point between them as in the Work, 
which exprefies that the fifth Equation is from comparing the 
third and; ouith Equation together 



3.4 \ 5 lx + * = ir->* 



The 
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The unknown Quantity e being on both Sides of the Equa- 
tion, bring it on one Side of the Equation, by Art. 52. 



5 + < 
6—* 

7-r-l 



x -J- 2 e zz b 
1 e ~ b — x 
b — x 



Here it appears that e, or the leffer Number fought, is equal 
to b, or 262, fubftra£ting from it x, or 144, and dividing the 
Remainder by 2. 

When any Equation is divided by an abfolute Number, as 
the feventh Equation is divided by 2, place them in the Regijier 
as ufual, but draw a Line over the 2 to diftinguifti that it is an 
abfolute Number by which you divide, and not by the fecond 
Equation in the Work. 

Now b = 262 
— xzz — 144 



2) 118 



59 ~ *, the leffer of the two Numbers fought. 

It being now known what e is in Numbers, we may find a 
by the third or fourth Equation, and by the third Equation we 
have a rr b — e. 

But b = 262 
— e = — S9 

203 = tf, the greater of the two Numbers fought. 

Whence 203 and 59 are the two Numbers required in the 
Queftion, and is tfcus proved from their Conditions. 

The greater Number is £03 - - 203 

The leffer Number is 59 - - 59 

262 Sum 144 Remains. 

Queftion 42. Two Men difcourfing of their Money, founa 
that if the Number of Shillings each had were added together f tht 
Sum would be 38. 

\ But if from htm that had the greater Number of Shillings, 
there be fubfl ratted twice the Number of Shillings the other P erf on 
had* there would remain 5. How many bad each Man ? 

Let 
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Let a = the greater Number of Shillings^ e ~ the leffer 
Number of Shillings, b = 38, # = 5. 



And becaufe the Sum of their 1 
Shillings, or a -f- e y was 38, or ?* 
b> hence - - 3 

And twice the leffer Number*) 
being taken from the greater, f 
ora-r2e, was equal to 5, orf" 
x, hence - - J 

Now to find the Value of a in 

the firft Equation, tranfpofe e. 

1 — e 
And to find the Value of a in the 

fecond Equation, tranfpofe 2 e. 

2 + 2* 



4 



1 By the 

fQuefttort 

k—2ezzx\ 



az=b*-*t 



4 ~ x -\- le 



Make the third and fourth Equations equal to one another* 
becaufe they are both equal to the fame Quantity a, and regijler 
it as directed in the laft Queftion ; and this exterminates the 
unknown Quantity tf. 

3.4l5J* + 2*~£ — * 

The unknown Quantity e being on both Sides of the Equa« 
tion, bring it on one Side of the Equation, by Art. <J2. 



5 + ' 

6 — * 

7^-3 



x + 3 e = b 
3 e =: b — r v 
b — x 



Hence the Queftion is anfwered, for b = 38 

3/ 33 



11 = ^, the leftef 
Number of Shillings^ 



And as e is now known, we may find what a is by the third 
or fourth Equation -, taking the fourth Equation, we have 

U x- < 
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*= 5 

2 e = 22 



27 = ^ the greater Number of Shillings. 
PROOF. 



The greater Num- 7 
ber of Shillings 3 

The lefler Num- 7 
ber of Shillings 3 



27 



11 



bum 38 



- . - 27 
Twice the lefler 7 
Numberof Shillings J 22 



Remains 5 



Queftion 43. Two Men laying a Wager concerning the Num- 
her of Sheep in two Droves, as they could not decide it, appealed 
to a third Per/on, who told them, that if 31 was added to the 
Number of Sheep in the great eft Drove, that Sum would be equal 
to twice the Number of Sheep in the leaf Drove, 

But if they added 44 to the Number of Sheep in the leaft 
Drove, that Sum would be as many as were in the great eft Drove, 
and deftred they would now find the Number of Sheep in each 
Dr#ue. 

Let a = the Number of Sheep in the greateft Drove, e zz the 
Number of Sheep in the leaft Drove, x zz 31, ^=44. 



a-\-x=2e^\ 



I By the 
: Queftion 



e + d = a) 



Now the Number of Sheep in -\ 

the greateft Drove being added / 

to 31, is equal to twice the V 

Number of Sheep in the le/Ter 1 

Drove? hence - J 

And the Number of Sheep in the 

leaft Drove when added to 

44, being equal to the Num- 
ber of Sheep in the greateft 

Drove, we have 

1 — *\ 3 J* ~ 2£ 

Now by the third Equation, a is equal to 2 e — x, and by the 
fecond Equation, a is equal to e -f- d, therefore make thefe 
Equations equal to one another, for they are both equal to the 
fame Quantity a 7 which exterminates a> as before. 

2.3 
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2 . 3 

4 — e 

5 + * 



4 I 2 e — #:z: * +*/ 
6 j *> — */ + * 



i~44 



75 = *, the Number of Sheep in the leafl Drove. 
Then having found e, we may find a by the fecond Equation. 



' = 75 
^=44 



1 19 — a, the Number of Sheep in the greateft Drove, 
P'ROO F. 



119 
3 V 



150 which is twice the Number of Sheep in the lead Drove. 



75 

44 



119 which is the Number of Sheep in the greateft Drove. 

Qu eft ion 44, Two Gentlemen who had fold their EJlates^ by 
comparing what each EJlate was fold for, found, that twice the 
Sum of what both the Eflates was fold for was 1 1468 Pounds : 

And if what the leafl EJlate was fold for, be fubjlrafted from 
what the greatejl EJlate was fold for ^ there will remain 1405 
Pounds, For how much was each EJlate fold? 

Let a rz the Number of Pounds the greateft Eftate was fold 
for, e = the Number of Pounds the ieaft Eftate was fold for, 
b = 11468, #= 1408, 



By the firft Condition - 1 

By the fecond Condition - 2 

Find the Value of a 9 in the 
firft Equation. 

l — le 3 

3-^*2 4 
U 2 



2* -f- 2*m £ 
a — ~e ~ x 



%a ~b — 2t 
b — 2 e 



a zr 



Now 



Hosted by G00gk 



I4 8 



4 L G E B RA, 



Now find the Value of *-, in the fecond Equation, 
2 + e | 5 \a = x+e 

Make the fourth and fifth Equations equal to one another, 
foecaufe they are both equal to the fame Quantity a, and 
therefore muft be equal to one another, by which a will be 
exterminated. 



4 • 5 
6x2 

7+2* 
8 — 2X 

g-r-4 



7 
8 

9 

10 



x + * z= 



£ — 2^ 



* Here we have 



2 only to find what 

2#-f2*=£— 2e e fe.'by A* Rules 

2 # -f- 4 * = £ already delivered, 

4 *. = .4 *r- 2 *• a * Art. 46 to 53. 

= 2163, the Pounds for 



2x 



$iyhj£h the leaft Eftate was fold 5 and e being now known, then 

By the fifth Step | 11 \ a = x +ezz. 3571, the Pounds for 
^hicfr the greateft Eftate was fold. 

PROO F. 

Now if '<? = 3571, and e zz 2163, then 2# + 2* = 11468, 
and*— - fr= 1408, 

Queflion 45. 7"iiw Gamejters, A and B, founds that if twice 
the Number of Pounds won by A was added to what bad been 
won by B, the Sum was 48 Pounds : 

And if what had been won by A was added to three times what 
pad been own by B, the Sum was 39 Pounds* What was the 
Sum won by each Gcimefter ? 

Let a rz the Pounds won by A, e — the Pounds won by B ? 
£ = 48, x = 39. 



Py the firft Condi- ) 
tion - I 

3By the fecond Con- ? 
dition ' - J 



2#+ * = b 
+ 3 *=# 



Fifid 
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Find the Value of a, from the firft Equation. 



1 — e 



3 

4 



2 a r= b — e 



Now find the Value of a, from the fecond Equation. 

Make the fourth and fifth Equations equal to one another, 
becaufe they are each equal to the fame Quantity, which Equa- 
tion will exterminate a. 



4 • 5 

6x2 

7 +-6* 

8 — * 

9+- 5 

Then from the 7 
fifth Equation 3 



6 

7 
8 

9 
10 

4i 



h — e 



2 

b — e = 2 x — 
£-f- 5* =z 2* 
5 e=t xx — b 
2x — b 



* — 3** * Here we have 
only to find Vby 



e the Rules already 
delivereoVatArt. 



46 to 53. 






= 6 Pounds, won by B. 



<?=:.*• — 3^=21 Pounds, won by A. 



P R OOF. 



2 a -f- * 



48 
39 



Queftion 46. JVhat are thofe- two Numbers^ that twice the 
greater being added to three times the lej/er, the Sum is 29 : 

And three times the greater being fubjirafted from five times 
the lejfer, the Remainder is 4. 

Let a = the greater Number, e = the lefTer Number, 
b = 29, ^=4- 



By the firft Condi- 7 
tion - - J 

J3y the fecond Con- 7 
dition - 3 



2 # -J- 3 e = £ 
5 * — 3a ~ m 



Find* 
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Find the Value of a, from the firft Equation. 



l— 3 e 
3^ 



2a — b — $i 

a zz ^ — 3 e 



Now find the Value of *, from the fecond Equation ; tranf- 
pole 3*7, becaufe it has the negative Sign. 



2 + 3* 
5 — m 

Or 

7-*" 3 



5 
6 

7 

8 



5<? =r ^ + 3^2 
5*- — mzz ^a 
3a=z $e—m 



Make the fourth and eighth Equations equal to one another, 
for they are each equal to the fame Quantity a, and this un- 
known Quantity will be exterminated. 



4- B 

9x2 

10 x 3 
11 + 9* 

124- 2m 

*3^J~9 



By the fourth 
Equation 



10 

11 
12 

*3 

'5 



5 e — m ___ b — 3 e 



I O / — 2W 



= £< 



•3' 



10 * - — 2 m= 3 b — ge 
i<)e< — 2m = 3 b 
iqe zz 3 £ _|- 2 ;/z 
_ 3^ + 2w_ 
19 ""■ 
*_* — 3'_ 



5, the lefler Number. 
7, the greater Number. 



PROOF. 

* a +3 e = 29 
5* — 3* = 4 

Queftion 47. To/* Travellers, A *«</ B, w*tf//i£ *» r/;<? iW, 
yi»»^, /A*/ //* the Number of Miles travelled by A was divided 
by five, adding to this Quotient three times the Number of Miles 
travelled by B, the Sum was 249 : 

2 But 
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But if twice the Number of Miles travelled by A were added 
to four times the Number of Miles travelled by B, the Sum was 
540. How many Miles bad each travelled? 

Let a = the Number of Miles travelled by A, e = the 
Number of Miles travelled by B, x zz 249, z — 540- 



...... } 

BythefecondCon- ? 
dition - 3 



By the firft Con- 
dition 



1 xs 
3— i5< 



- + 3' = * 
5 

2^+4^ = 2 



a + 15 e zz 5* 
az=sx—i$e 



The Value of a being now found by the firft Equation, find 
its Value from the fecond Equation. 

ta zz z — 4* 
z — ±e 




Now make the fourth and fixth Equations equal to one ano- 
ther as before, which exterminates a. 



7x2 

8 + 3°' 
9 — z 

10 -;- 26 

Then by the 4th 1 
Equation J 



2; — 4* 



z — \e zz 1 o # — 30 * 
z -f- 26 * = 10 x 
26^=10^ — z 

10 AT- 



* = "" - = 75, the Miles tra- 

20 (veiled by B. 

a zz $ x — 15*= 120, the Miles 

(travelled by A. 



PROOF. 



— + 3 ' = 249 
2a-\- ^e 



540 



The 
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The Learner being now a little converfant with thefe Kind 
of Queftions, let the laft be repeated, and put Letters for all 
the Numbers both known and unknown, and if he finds any 
Difficulty in folving it, by comparing the two Operations, the 
former may in fome Manner explain this ; and to illuftrate it 
the more, I have placed the Equations in the laft Work, againft 
their correfpondent Equations in the next Operation. 

Queftion 48. Two Travellers , A and B, meeting on the Road, 
founds that if the Number of Miles travelled by A was divided 
by 5, and adding to the Quotient 3 times the Miles travelled by B, 
the Sum was 249 : 

But the Miles travelled by A being multiplied by 2, and added 
to 4 times the Miles travelled by B, the Sum was 540. Hsw 
many Miles had each travelled ? 

Let a — the Number of Miles travelled by A, e zr the 
Number of Miles travelled by B, x = 249, z = 540, as before, 
but now put d= 5, m = 3, a zzz 2, p = 4. 



By the firft Con- 7 
dition - i 

By the fecond Con- 7 
dition - J 



1 x d 

3 — dm e 



— X-me — x* that is, _4- 3 e — x 
d^ ' 5 

a a -{- p * = 2> that is, 2 a -\~ 4 e rz z 



a-\-dmez=.dx 9 that is, a -\- 15 * —5* 
a-=.dx — dme 9 that is, a = $x — 15* 



Having found the Value of a from the firft Equation, find 
its Value from the fecond Equation. 

j ~zz z — p e 9 that is, 2 a rr % — 4 e 



2~~*pe 



-, that is, a — , 



Now make the fourth and fixth Equations equal to one ano- 
ther, for they are both equal to the fame Quantity a, which 
exterminates that unknown Quantity. 



4. 6 
7 *? 



! £l — dx — dm e 9 that is, - if 



= > 5* — 15* 

: — pe — dqx — dmeq^ that is, # — 4* 
= iQ.v — 30 ? 

8 -f- dmeq 
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8 + dmeq\ 9 dmeq-\-z — pe=zdqx, that is, 26 e 
-J- z = 10 x 
g — z 11 dmey — pezzdqx — z, that is, z6e 
=: 10 x — z. 

The unknown Quantity e being in two Terms, therefore 
divide by both the Co-efficients of *, as at Art. 52. 



lQ-~d m q — p 



11 



e = ^llZ Zf - 75) that is, , = 
*/ w q — p 

10x ~ % = 75> the Miles travelled 
byB. 

And it being found that <f is 75, we may find a by the fourth 
or fixth Equation to be 120. 

And now for the future we fhall put Letters for the Numbers 
that are known, as well as for thofe that are unknown. 

Queftion 49. There are two Armies ready to engage ; if the 
Number of Soldiers in both Armies are added together, and that 
Sum multiplied by 4, the Produtt is 84440 : 

But if the Number of Men in the greatefl Army be multiplied 
by 2, and added to the Product of the Number of Men in the 
leffer Army multiplied by 3, the Sum is 52219. To find the 
Number of Men in each Army ? 

Let a = the Number of Men in the greatefl: Army, e rr the 
N umber of Men in the leffer Army, d = 4, m z~ 8444O, % - 2, 
* = 3, £:= 52219. 
By the firft Con- 7 



dition 
By the fecond 1 
Condition J 



da-\- de -z^m 
za -\-x ezzib 



Find the Value of a\ in the firft Equation. 



I — de 



da — ?n — de 
m — d e 



a ~ 



Now find the Value of a from the fecond Equation. 

X 2 



•x e 
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2 — x e 



za = £ — x e 
b — xe 



a zz 



Make the fourth and fixth Equations equal to one another 
to exterminate a. 



4 . 6 
8x% 



— d e b — x i 



zm- 



de~ 
— zde 



db — dx e 

z 
= db — dx e 



Now in this Equation e being on both Sides, find which of 
its Co-efficients d x or zd is the greater!, zd is 8, but dx is 
12, therefore tranfpofe dxe, that the unknown Quantity, 
ymh the greateft Co-efficient, may have the affirmative Sign, 
as at Art. 52. 



g-{-dxe 
11 — zm 

ll-r-dx — zd 

By the fixth E- 7 
quation J 



10 

II 

12 



13 



dx e -\-zm — zde^z db 

d x e — zde = db — zm 

db — zm ^^ 
= 9999 



dx — zd 
b — x e 



= 11 1 11, the Number 
of Men in the greateft 
Army. 



Dividing the eleventh Equation by dx — z d, the two Co- 
efficients of e, as at Art. 52. gives the twelfth Equation. 

PROOF. 

4# + 4' = 84440 
2 a + 3 e — 52219 

Queftion 50. A Gentleman bought a Pair of Horfes for his 
Coach, his Son having learnt Algebra, the Father propofed for 
him to determine the Price of each Horfe from faying, 

That if the Pounds both Horfes cofl were multiplied by 4, 
and this Producl divided by 8, the Quotient was 20 : 

But 
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But if the Pounds the be ft Horfe coji were multiplied by 3, and 
this Produft added to 5 times the Pounds the worjl Horje cq/f 9 
the Sum was 158 Pounds. Now what was the Price of each 
Horfe ? 

Let a = the Pounds the bed Horfe coft, e zz the Pounds 
the worft Horfe coft, b = 4, d zz 8, w = 20, /> zz 3, at = 5, 
2 = 158. 

BythefirftCon-7 

dition 3 

By the fecond 7 

Condition A 

1 x d 

-$—be 



6~p 



Sxp 
9 x£ 

10 + bxe 
II — p dm 

12-r-bx — pb 



By the feventh 
Equation 



ba-\-b e 
-J -nm 



pa -f- x e = z 

£# + £ * zz */#* 
b a — dm *-—be 
dm — b e 



pa zz z — x e 
z — x e 



\\ u 



To exterminate a 
dm — be z — x 



b p 

p dm — pb e 



-xe 



p dm — p b e = bz — bxe 
bxe -\-p dm — p b e = bz 

x e — p b e = bz — p dm 

— z — p m __ i g Pounds, the Price 
of the woift Horfe. 



t x — p b 
— x e 



ZZ 21 Pounds, the Price of 
the beft Horfe* 



PROOF. 

8 

3« + se — 158, 

Queftion 51. Two young Gentlemen, who had flud'el Numbers ; 
not agreeing about their Age, referred the Difpute to t^eir Father, 
tuho f mi ling told them, thai if the Age of the eldejl was divided 

X 2 by 
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by 2, to which Suotim adding 4 times the Age of the youngef?, 
andextratiing the fquare Root of this Sum, it will he 10 • 

But if the Age of the eldefi was multiplied by 3, and added 
to the Age of theyoutigeft multiplied by 5, this Sum will be 201, 
To find the Age of each Per fori ? 



Let a zz the Age of the elder, 



2, d =z 



= 10, p =3 , 



: the Age of the younger, 
5, r = 201. 



Bythefirft.Con- ) 
dkion J 

By the fecond 1 
Condition 3 | 



p a -\- ze zz r 



Becaufe in the firft Equation, a the unknown Quantity, is 
under the radical Sign, therefore fquare both Sides of the 
Equation as at Art. 49. The 1 ©- 2 in the Regifler fignifies 
that the nrft Equation being involved or raifed to the iecond 
bovver or Square makes the third Equation, for ©- is the Sign 
of Involution. & 



I & 



3 — de 

4-Xb 
2 — z e 

6~p 



5- 7 

8 xp 

9+pbde 

IO — r 



II -f- pbd — % 

Uy the feventh 7 
Step J 



-f- de = m?n 



: mm 



— dt 



b 
a 

1 

a — b mm — b de 
p a = r — z e 
r — z e 



a = 



Now to exterminate a 

r — z e 



l 3\ a 



zn bmm — b de 



r-r-ze — pbmm — pbd e 
pbde +r — %e — pbmm 
pb de — ze =p b mm — r 

p b mm — r , 

~ + / T = 21, the Age of the 

pod — % ^ 



(youngeft. 
= 3 2 > the Age of the 
(eldeft. 

PROOF, 
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PROOF. 



K /-+ 4* = I0 - 

2 

3 a + 5 ^ = 20X * 

Queftion 52, Tziw Tradefmen, A #W B, comparing their 
Gains, found, that if the Pounds gained by A were multiplied by 
2, to which adding 3 times the Pounds gained by B, the fquare 
Root of this Sum was 1 1 Pounds : 

But if 6 times the Pounds gained by B, were added to the 
Quotient of the Pounds gained by A divided by 10, this Sum 
was 47 Pounds. To find the Gains of each Trade fman ? 

Let a = the Pounds gained by A, e = the Pounds gained 
by B, £==2, ^=3, 72 z: 11, /> = 6, z = io, # = 47. 



BythefirftCon- ) 
dition j 

By the fecond 7 
Condition i 



\/ b a ~\- de : 



p e -| r^ 

z 



In the firft Equation the unknown Quantity a being udder 
the radical Sign, fquare both Sides of the Equation as ia the 
laft Queftion. 



I ©" 2 


3 


3— -de 


4 


4+b 


5 


2XZ 


6 


6 — zpe 


7 


5 ■ 7 


8 


8X/3 


9 


() -\- b zp e 


10 


10 — nn 


11 



b a~\- de-zznn 
b a rz # # — af * 

%/> <?-f* <? = zx 

a zz zx — zpe 

nn — de 

zzzx — zp e 

b * 

nn' — de = bzx< — bzp e 

b zp e -f- nn — d e zz b zx 

b%p e — <d e zz bzx — nn 



II -r« 
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II ~-bzp —d 

By the feventh 7 
Step 3 



ALGEBRA. 

b % x — nn 



12 

l 3 






— _ zz y Pounds gained 
b% P— d (byB. 

azzzx — zpezz 50 Pounds gained 

(by A. 



PROOF. 

v/2tf + 3* = II. 

6^ + ^ = 47. 
10 

Queftion 53. Two Perfons, A and B, owe fuch a Sum of 
Money , that if the Pounds A owes are divided by 5, to which 
Quotient adding 4 times the Pounds B owes, and extract the 
fquare Root of this Sum, it will be 6 Pounds: 

^ But if from 3 times the Pounds A owes, is fubjlratied 50 
times the Pounds B owes, and extracl the fquare Root of this 
Remainder j it will be 10 Pounds. What did each P erf on owe? 

Let a zz: the Pounds A owes, e = the Pounds B owes* 
m ~ 5> w = 4> ^— 6, /> = 3, # =z 50, % = io« 



BythefirftCon- 7 
dition 3 

By the fecond ) 
Condition 3 



<y \- n e zz d 

m 



\/ p a — x e zz z 



To find the Value of a in the firft Equation, raife it to the 
fecond Power as in the laft Queftion. 



1 ©-2 

3 — ne 

4xw 



4 
5 



— . -J- « * — d d 
m 

— zz dd — ne 
m 

a-zzz mdd — mne 



To find the Value of a in the fecond Equation, raife it to 
the fecond Power as- before. 

2 2 ©- 2 
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6 

7 



*5* 



2@- 2 
6 + xe 



pa — xe = zz 



Now make the fifth and eighth Equations equal to one ano- 
ther to exterminate*. 



5.8 

9 xp 

10 -f- pm ne 

II — zz 

12 ^rpmn + x 

Then by the 7 
eighth Step S 



;z 4" • 



zz wij — ;?*«<? 



zz + x e = p m d d — p mn e 
pmn e + ZZ"\- x ezzp m d d 
p?nne-\-xe = pmdd — zz 

^ zz ZH -Zlf — zz 4 Pounds, the Debt 

/>"** + * (of B* 

* = ZZ V^ = 100 Pounds, the Debt 
P (of A. 

PROOF. 



v/— + 4* = 6. 

5 

\/ 3^ — 5°* — I0 ' 

Queftion 54. Two Men, A and B, going to Market with Eggs, 
if the Number of Eggs that A had were multiplied by 6, to which 
adding IOO, and dividing the Sum by the Number of Eggs that 
B had, the Quotient is 16 : 

And if from 9 times the Number of Eggs A had, is fub- 
flracled 4 times the Number of Eggs B had, there remains 350. 
How many Eggs had each Perfon ? 

Let a zn the Number of Eggs A had, e =z the Number of 
Egss B had, d zz 6, m = ioo, p zz i6 y b = 9, ^ == 4, 
z = 35a. 



I X* 



d a -\-m . -\ 

£ tf — x e ~ z J 

da -\- rp — p < 



By the Quqftion. 



l — m 
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3 — m 


4 


■4 -s- d 


5 


2 + *• e 


6 


6+-b 


7 



ALGEBRA. 

da zz p e — m 

a = £ 

d 
b a= z -\- x e 
z -j- x e 



Make the fifth and feventh Equations equal to one another 
to exterminate a. 



5 • 7 

8 x d 

9 X b 
IO — dx e 

11 -f. bm 

T2-~bp — d x 

By the feventh 1 
Step J 



10 
11 
12 

H 



dz-\- d x e 
p e — mzz - 

bp e — bm — dz-\- dx e 
bpe — dxe — bm~dz 
bp e — dxe = dz -f- bm 

dz + bm _ 9 ^ the Number 
(of Eggs B had. 

the Number of 
(Eggs A had. 

PROOF. 




6£+_i co - l6# 

e 
ga — A-e — 35c. 

Oueftion <C Tic/* P«/*w, A aarf B, lofing at the Garni ng- 
TaUe were ajked how much they loft, to which A replied that 
if the Number of Pounds I loft be muhiphe d by 3 , and add 
foo to the ProduS, if this Sum is divided by the Number of 
Pounds B lofty the fquare Root of this Quotient will be IO 

P ° U But\f the Pounds B loft be multiplied by 2 5 o, # from which 
Product fubfracling 600, and dividing the Remainder by the 
Pounds A loft, thfauare Root of this Quotient will be 2 Pounds. 
How much kd each Perfm loft ? 

Let 
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Let a — the Pounds A loft,, e = the pounds B loft, d = 3, 
: = 100,. tf — 10, * = 250, Z zz 60O, b = 2. 



\/ 



fda -\- m 



2 i^EEf-i 



- By the Queftion. 



To find the Value of £ in the firft Equation, raife it to the 
fecond Power by Art. 49. 



I ©- 2 
4 — m 



da 4- m 

1 — n n 

e 

da-\-m z= enn 

da = enn — m 

enn — m 



a zz 



To find the Value of * in the fecond Equation, raife it to 
the fecond Power by Art. 49, 



2 ©- 2 

7 x * 

8-±-bb 



7 
8 

9 



#* — 2 



:££ 



A 1 * — z ~ abb 
x e — z 



bb 



Make the ilxth and ninth Equations equal to one another 
to exterminate a. * 



6 , 9 

10 X d 
11 X b b 



10 

II 
12 



en n — m x e — % 



enn — m = 



bb . 
d xe — dx 



bb 
bbnne — b b m = d x e — dz 



Becaufe^*, one Co-efficient of e 9 is greater than bbnn, the 
pther Coefficient of e, therefore tranfpofe b b n n e, by Art. 52. 



12 — 
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12 — Ibnn e 13 

Or 14 

14 + dz 15 

16 



By the ninth Step 



l 7 



— bb m zz dx e — dz — b hnn e 
dx e — dz-— b b nn e ~ — bb m 
dx e — bbnne=zdz— bb m 



___dz — bbm . Jt> 

— S '"' ■ '— — 4> ^e Pounds B 

dx-bbnn (loft# 

= 100, the Pounds A 
(loft. 



PROOF 
/250 *- — 600 __ 



10. 

2. 



Queftion 56. /« /fe right-angled Triangle ABC, //;*r* /j 
£/W the Bafe AB =4, and the Difference between the Hypo- 
thenufe AC and Perpendicular BC = 2. To find the Hypo- 
thenufe A C and Perpendicular B C ? 

LetAC = *, BC = /,AB = i = 4,« = 2. 

q Having put fetters for the three 
Sides of the Triangle, and amongft 
thefe there being two unknown 
Quantities a and *, therefore we 
muft rajfe two Equations either from 
the Properties of the Figure, or from 
the Conditions of the Queftion. 
And in the Solution of Geome- 
trical Queftions, I would rccom- 
JJ mend it to the Learner, that, after 
all the Parts of the Figure which 
are necefTary to the Solution of the Queftion are exprefled by 
Letters, to obferve how many of them 1 are unknown, for gene- 
rally fo many different Equations are raifed from the Properties 
of the Figure, or the Conditions of trie Queftion y afterwards 
the Work is regulated by the Rules already given. 

Now from the Property of the Figure, the Square of the 
Hypothenufe AC, or da, is equal td the Square of the Bafe 
AB, or££, added to the Square of the Perpendicular BC, 
or te-> by 47 e I. 

That 




Hosted by G00gle 



The Method of refolding 9%ueJlions> &c. 163 

That is I 1 \aaz=.bb-\*ee from the Property of 
j J? , the Figure by 47 ei. 

Becaufe by the Queftion-, the Difference between the Hypothe- 
nufe AC> or tf, and Perpendicular BC, or e y is = 2, oim. 

Hence I 2 I a — e -zz m by the Conditions of the 
J j Queftion. 

Having raifed the two Equations, proceed as in the former 
Examples, that is, firft find the Value of a in the firft Equation, 
by the Extraction of Roots, as at Art. 50. 



1 wj 2 J 3 \a •=z x /bb + ee 

Now find the Value of .tf, in the fecond Equation. 

2 -f- e J 4 j a '= m + e 

Make the third and fourth Equations equal to one another, 
to exterminate a. 



3 • 4 I 5 \m+e = K /bb-\-ce 

Becaufe e tne unknown Quantity is under the radical Sign, 
and there being no other Quantities on that Side of the 
Equation, but what are under the radical Sign, therefore fquare 
both Sides of the Equation, as at Art. 49. 



5*©- 2 
6 — e e 

7 — mm 

8 ~- 2m 
By the fourth Step 



10 



m m -|- .2 m e e -[*• e ' : zn b b -f- e c 
m m -j- 2 m e = b b 
2 me m bb — m m 

bb 771 m 1 r» i- 

e zr — — = 3, the rerpendtcu- 

2m \ (larBC. 

a = m -f- e — 5, the Hypothenufe AC. 



To prove thefe are the three Sides \ of a right-angled Tri- 
angle, fquare the Hypothenufe 5, and' that will be equal to the 
Square of the Bafe 4, added to the Square of the Perpendicular 
3; for this is the celebrated Property . of. the right-angled 
Triangle to have the Square of the Hypothenufe equal to the . 
Sum of the Squares of the Bafe and Perpendicular. 



Y 2 



Queftion 



Hosted by G00gk 



164 



A L G E B RA. 




Queflion 57. In the right- angled 
'Triangle ABC, given the Per pen- 
dicular BC = 3, and the Difference 
between the Hypothenufe A C^ and 
Bafe AB =: I. To find the Hypo- 
tbenuje AC, and Bafe B A ? 

Let AC = a, BC = 3 = *, 
-B AB- *, x = 1. 



Then 
And 



# a = £> £ -[- * *>, by the Property of the 

Figure, as in the laft Queflion, 
a — e — x by tlie Queflion, . 



There being as many Equations raifed from the Property of 
the Figure, and the Conditions of the Queflion, as there are 
unknown Quantities, the Work proceeds upon the fame general 
Rules, thus 



I w) 2 


1 


2 -j- e 


4 


3 • 4 
5 ©- 2 


5 

6 


6 — ^ * 


7 


7 XX 


8 


8 — 2* 


9 


urth Step* 


10 



<z = y/ b b -f- e e 
az=z x -\- e . 



A , ,* , -}-' 2 '* , *-f"** ::::: ^ ~tr ' * 
## -f 2 xe rr ££ 
1 x e — bb —T- x x 

e — h .hULl- = 4, the Bafe A B. 

2 # 

* ~ ^-}-t ^ ~ 5, the Hypothenufe AC. 




Queflion 58. In the right-angled 
Triangle ABC, there is given the 
Hypothenufe AC zz 5, the Bafe A B 
= 4, W /^ Perpendicular B C = 3> 
to find the Perpendicular B D, let 
fall from- the Angle B, upon the Hy- 
pothenufe AC. 

LttACzzb — 5, A B — 7/2 = 4, 



The 
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The Queftion requiring that we find B D, if we find C D 
we can anfwer the Queftion, for the Triangle B D C being a 
risht- angled Triangle, BD being perpendicular to A C, con- 
sequently B C being known, and by finding D C, we lnali 
afterwards eafily find D B, by the common Property of the 
Triangle. _, . 

It is exadly the fame, if we find A D, for the Triangle 
AD B is right-angled, and A B is given by the Quefiion. ^ 

Now BD being a Perpendicular common to the two Tri- 
angles ABD, and BDC, let BD — p 9 then from the right- 
angled Triangle ABD, we have m m — ee = pp, and by the 
right-angled Triangle CB D, we have xx — aa = pp, from the 
fame Reafoning as In the two laft Quefiions. 



Confequently 



And 



1 -\~ aa 


3 


3 + ee 


4 


4 — mm 


5 


5 WJ 2 


6 


2 — e 


7 


6 . 7 


8 


8 ©• 2 


9 


9 — ee 


10 


10 -f- 2 £ e 


n 


II -(- 77Z>72 


12 


I2-— ## 


13 


I^-r-2* 


14 



#3 7B — eezzixx — a a, for both mm — ee 
and A-* — a a, are equal to the fame 
Quantity p p> and therefore equal to 
one another. 

a + ezzb, that is, AD + DC = AC 
bv the Figure. 

To 'find the Value of a in the firft Equa- 
tion. 

a a -\-mm — e e rz: # .* 

# # -J- m m zz # a- -\- £ £ 

fl* — *.*-}-** — mm 

a zz y/ * x + * £ . — 7/z ;tz 

Now find the Value of a in the fecond '•■ 
Equation. 

a = b — e 

^/ x x -\- e e — mm zz b — e 

xx -\-ee — mm zz bb — 2 b e -{* e c 

xx — mm zz b b — 2be 

2 be -{-xx — mmzzbb 

2be-\-xx—bb-\-mm 

2 b e zz bb -f- mm — xx 

bb-r-mm — xx • , a r\ 

e zz: — — > = 3.2 = AD. 

2b 



paving found AD to be 3.2 it will be eafy to find DB 
by what was faid above. Thus, 

<? 16 (Jic 
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1 6 the Square of AB. 
* — 10.24 the Square of AD. 

5.76 (2.4 = DB, the Perpendicular required. 





C 



Queftion 59. In the ob- 
lique Triangle ADB, there 
is given the Side AB= 15, 
the Side BDzr J2 ? and th* 
Side A D z= 6, to find the 
Perpendicular B C falling 
without the Triangle from the 
Angle B, on the Side AD, 
continued. 

This Queftion will be 
anfwered from finding DC, 
for thd Triangle BCD be- 
ing right-angled, and D B 
finding 
then find 



A D 

perty of the Triangle DBC, as in the laft Queftion. 



being known from 

DC, we may 

BC from the common Pro 



Let AB = ^ 15, AD =zm = 6, D B = * =: 
DC = ^, then AC =- A D-fDC=w + «, B C == *. 



12, 



Becaiife the Triangle ABC is right-angled, therefore if from 
the Square of A B, or hh, we fubftracl: the Square of AC, or 
mmArima-^ad) the Remainder is equal to the Square of 
C B, or e e. 



Therefore | 1 \bb-^ 



mm' — im a — a a zrz e e. 



Becaufe the Triangle D B C is right-angled, by the fame 
Reafbning we have 



Again [ 2 | x x — a 



a = e e. 



And 



Hosted by G00gle 



The Method of refohing Queflions, &c. 167 

And as the firft and fecond Equations are each = ee, there- 
fore make them equal to one another, which exterminates every 
Power of e in thofe Equations, 



1 . 2 

3 + aa 

5 XX 

6-r*2Zrt 



xx — aa-=.hb—-mm~ima—*aa 
xxzzibb — mm — ima 
2ma -\~xx — bb — mm 
im a = b b — mm — xx 



bb — 7 



2 m 



= 3.75 = DC. 



And from hence we may find B C as was (aid above, thus ' 



B D, or *= 12 
12 



144 



DC, or a ==3.75 
375 



1875 
2625 
1125 

~H-o625~ 



144. 
14,0 625 

I2 9-9375 ( Ix '39 = BC, the Perpendicular required, 
1 



2i) 29 

21 

223) ^93 
669 



2269) 22475 
2042 r 

2054 



Of 
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Of Quadratic Equations. 

5^^1| T^H EN all the known Quantities are on one Side of 
V V the Equation, and thole Quantities only on the other 
Side which have fome Power of the unknown Quantity ; then 
if the unknown Quantity appears to be to the fecond Poiver or 
Square in' one Term, and to the firji Power only in another 
Term ; or if in one Term, its Power or Heighth is double its 
Power or Heighth in another Term, and there^is no other Power 
of the unknown Quantity in the Equation, thefe Equations are 
called Quadratic, as in the following Queftions. 

Quedion 60. Two Men had fuch a Number of Shillings, that 
the lejjer being fubjiracledfrom the greater, there remains 1 o : 

But the Number of Shillings one Man had multiplied by the 
Number of Shillings the other Man had, the Producl is 75. To 
find each Mans Number of Shillings ? 

Let a = the greater Number of Shillings one of the Men 
had, e = the leffer Number of Shillings the other Man had, 
h = ip, m -zz 75. 



Then 
And 


i 

2 


a e=>m J • 


2 -T- e 


3 
4 


a=. b -f- e 

m 

e 


3 • 4 


5 


. j m 
e -f- b ~ — 
e 


5 x< 


6 


e e -J- b e = m 



From comparing the fixth Equation with what is faid above, 
it appears to be Quadratic, for one Quantity is e e, Or e to the 
fecond Power, and in the other Quantity it is only e, or e to 
the firft Power. 



And 
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And to refolve this Equation, take b the Co-efficient of e 

to the firft Power, and divide it by 2, the Quotient is _, which 

2 

fquare or multiply by itfelf, and the Product is — , which add 

4 
to both Sides of the Equation, thus 



6cD 



. , . bb , bb 

4 4 



The c D in the Regifter fignifies, that the fixth Step is made 
a Square at the feventh Step, or the Square is compkated. 



bb 



Now if we compare the Side of the Equation ee -\-b e + 

with fome of the Examples at Art. 34. we (hall find it to be 
a rational Quantity, or a Square, therefore extract the fquare 
Root of both Sides of the Equation : 



7 iw 2 
2 


8 
9 


1 * / A- bb 

e-\ = v /m4— 

2 4 

_ f j- bh . b 
4 2 


In Numbers. 






™ = 75 

bb 

— = 25 

4 







100 the fquare Root of which is 10 






5 = *, the Number 
of Shillings one of the Men had. 



Then by the fourth Step a zz ™ =c 15, the Number of 
Shillings the other Man had. 

Z PROOF. 
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ALGEBRA. 



PROOF. 

a — e = 10 

Queftion 61. TJiere are two Number s^ if the Square of the 
lejfer is taken from the greater ', there remains 36 : 

But the greater being added to 6 times the lejfer^ the Sum is 
1 48. What are the two Numbers? 

Let a •=. the greater Number, e = the lefler Number, 
I = 36, m — 6, # zz 148. 



Then 


I 


And 


2 


i-}-<?* 


3 


2 — me 


4 


3-4 


5 


5-* 


6 


6 + me 


7 



# — e e=zb ' 
a + me 



> By the Queftion. 



# = £ -f- e e 
a =: a* — me 
b -\- e e ~ x — m e 
e e = x — me — b 
e e -J- m e — x — b 



The unknown Quantities being brought on one Side of 
the Equation, the Equation appears to be %uadratic> by 

Art. 56. 

Now the Co-efficient of the firft Power of e is m> 



which divided by 2 is — , this fquared is , 



and addi 



ing 



mm to both Sides of the Equation as in the laft Queftion, 

4 ......... 

we have 

1! t .mm 7 . m m 
8 \ e e -\- m e + = * — £ + 
I 4 4 

The 7 c n fignifies that the feventh Equation is made a corn- 
pleat Square, at the eighth Step. 

And extracting the Roots of both Sides of the Equation, as 
in the laft Queftion, 

8 m 2 
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9-2 

2 



By the fourth Step 



10 



11 



1 m y 



~b + 



?nm 



„ — / , . mm # tfz _ Q 
e zz ^/x — -J : = 5, 

4 2 

(the lefler Number. 
a zz x — ?mezz ioo, the greater Num- 
ber. 

PROOF. 

a — e e zz 36 
tf + 6*==: 148 

Queftion62. Jn the Parallelogram ABCD, if from the 
longefi Side A B multiplied by 3, is fubjlracled the Square of 
thejbortejl Side B C, the Remainder will be 5 : 

But if the longejl Side A B is added to 4 times the jhortef Side 
B C, the Sum is 30. to find the Sides of the Parallelogram A B 9 




Let a rz AB, BG zz e^ d zz 3, m rr 5, % n 4, # — 



30. 



I -j~ e e 

3 ~d 

% Z£ 



da — ee?=z?nl r> , ^ .. 



^ <z zzz m -J- * tf 
m ~\~ e e 



d 
x — ze 

Z % 



4 • S 
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4-5 

6xd 

7 — m 
8+</z* 



m -J- e e 



# — % e 



m -\- e e— dx — dze 
e e zz. d x — d%e — m 
e e + dze = dx — m 



Now the Equation appears to be Quadratic by Art. 56. 
and the Co-efficient of e is dx, which divided by 2, is 

— , this fquared is , which added to both Sides of 

2 4 

the Equation, as in the two laft Examples, we have 

ddzz 



9 c □ I0 * *-\- dze- 



= d> 



■m- 



ddzz 



And extracting the Roots of both Sides of the Equation, as 
in the two laft Queftions, 



10 wj 2 



dz 
II — — 

2 



From the fifth Step 



11 



<?-] z= */ </* — m-\- 

2 



£, " . ddzz 
12 * = •**-* + — — : 



'3 



ddzz 
4 

(=BC. 



a~ x- 



■ = 10 = AB. 



PROOF. 

3 # — ** = 5 

4 + 4*;=: 30 

Queflion 63. 5W Gentlemen having had their Parks fur v eyed > 
had loft the Account) hut remembered^ that if the Number of 
Acres in A's Park was added to the Number of Acres in BV 
Park y the Sum was 1 10 : 

But if the Number of Acres in B's Park was multiplied by 
80, from which Produc? fubjiracling the Square of the Number of 
Acres in PCs Park, there remained 400. How many Acres was 
there in each Park ? 

Let 
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Let a = the Number of Acres in A's Park, e — the Num- 
ber of Acres in B's Park, £ = 1 10, #z r= 80, x ~ 400. 





1 


" + < = * iBy 

me — a a zz x y J 




2 


I — a 


3 


e = b — * a 


2 -\-a a 


4 


me z=i x -f- a a 


4 -t- w 


5 


x -4- aa 
e zz — ! 

m 


3-.S 


6 


x + aa , 


6x^z 


7 


* -|- # # == 772 £ — ma 


7 — * 


8 


a a ~ mb — ma — x 


8 -j- w # 


9 


aa -\- m a = m b — x 



Here the Equation appears Quadratic^ and compleating the 
Square as in the former Examples, we have 



mm 



II f t //l fr t » 1 Tn 7/1 

10 aa-f-m a -\- zz m b — x + -— 
I 44 



And extracting the fquare Roots of both Sides of the Equa- 
tion, as in the former Examples, 



10 wj 2 



m 

II 

2 



From the third 7 
Step 3 



11 



12 



. m ( j . m m 

a + — = v mb — x-\- 

2 4 



/ 



azz^/mb — x -{• 



m , 
■ — =: 60, 
2 



(the Number of Acres in A's Park. 
* = b — a z=l 50, the Number of Acres 

(in B's Park. 



PROOF. 

a-\-ez=z no 

8o* — - # # = 400 



Tic 
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The Manner of fubjtituting one Quantity for fever al 
others explained. 

57. But if, after the Work is prepared for having the Square 
compleated, it appears that the firft Power of the unknown 
Quantity is in more Terms than one, it will be more conve- 
nient to fubjlitute fome other Letter, for the Co-efficients cf the 
firft Power of the unknown Quantity, as in the following 
Examples. 

Queftion 64. A Gentleman proposed to give his two Sons, A 
and B, each an Ejlate, on the Condition, they could tell him what 
were their Rents, by knowing, that if the Square of the Rent 
cf the Ejlate he Intended to give A was added to the fame Rent 
multiplied by 7, and the Sum added to the Rent of the Ejlate he 
intended to give B, when multiplied by 4, this Sum would be 
4220 Pounds : 

But if the Sum of the Rents of the two EJlates was divided by 
10, the Quotient was 11 Pounds. What was the Rent of each 
Ejlate ? 

Let a — the Rent of the Eftate A was to have, e zz the 
Rent of the Eftate B was to have, b ~ 7, m = 4, d z= 4220, 
p -=z I0> x ~ 11. 



a a \ b a -}- m e — 

a -f- e L By the Queftion. 



Xhefe being the two Equations which arife from the Que- 
stion, and becaufe the Terms are more fimple that have the un- 
known Quantity e, than thofe that have the unknown Quantity 
a, it may be more convenient to find the Value of e, in each 
of the two given Equations. This Caution the Learner may 
obferve for the future, to find the Value of that unknown 
Quantity whofe Terms are the moft fimple in the given Equa- 
tions ; and thofe may be taken for the more fimple, whofe Powers 
are the loweft in both the Equations that arife from the Que- 
ftion ; thus, if one of the unknown Quantities is only to the frft 
JPower in both the given Equations, when the other unknown 
Quantity is to the fecond Power in one of the given Equations, 
the Teims of the former may be faid to be more fimple, and 

there- 
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therefore beft to find the Value of that unknown Quantity- 
The Reader will find this Method obferved in the following 
Queftions, and comparing their Work with what is faid may 
make this Direction more intelligible. 



I — b a 

3 — aa 


3 


Af^r-m 


5 


2 X p 

6— a 


6 

7 


5- 7 


8 


? X m 

9 + aa 

10 + b a 

11 — mp x 


9 
10 
1 1 
12 



a a -\- m e*zz d — ha 
m e -m d — b a — a a 
d — b a — aa 



m 

a-\- e -=.p x 

e =zp-x — a 

d — ba — aa 

px — a-=. 

m 

mp x — ma=zd — b a>— aa 

a a -\- mp x — ma~d — ba 

aa-\-ba-\~mpx— ma-md 

a a-\- b a — man: d — mp x 

Here the Equation appears to be Quadratic, and the firft 
Power of a is in two Terms, viz. b a and m <?, the two Co- 
efficients being b and m> and connected by the Sign — .. 

But b and m y being known Quantities, therefore b — m = 7 
— 4 =z 3, now fubjUtute, or put z ~ 3, or % = b > — m y then 
the laft Equation is, 

By Subiiitution | ^ 3 | aa-\~za — d—mpx\ for by Sub- 
ftitution % a ~ ba — ma, and therefore in the room of b a — ma r 
we ufe only z a. Now taking z for the Co-efficient of a> and 
compleating the Square as before, 



*3 C D 

14 iw2 

% 
15 



By the feventh 
Step 



1 1 %2 j x , ZZ 

aa -\-za-\- — — d — m p x -\- — 

4 4 

,#-[- — ~ ^/^ — 77z/>*- -}- — 
2 4. 



a rz 4/tf — m/>^-f- — . : — — = 60, 
4 2 

the Rent of the Eftate which A was 
to have. 

e = p x — a nr 50, the. Rent of the 
(Eftate which B was to have. 



PROOF, 
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$a>\- 7 a + J\.ezz 4220. 
# + e 



10 



= n. 



It may be juft obferved to the Learner, that the Method of 
Subftitution is only to fave Trouble and Labour, for after the 
twelfth Step, if we had not fubftituted £ — - w zz z, then to have 
compleated the Square, we muft have divided b — m the two 

Co-efficients of * i>y 2, the Quotient of which is h ~ m j which 

2 
fquared is m-^mm ^ ^ ^j s muft nave been adde( j to 

both Sides of the Equation, whereas by fubjlituting b — m zz z y 
the Quantity to be added on both Sides of the Equation is 

only —5. 
4 



t^ueftion 65. A Draper bought a Parcel of ..Linen, and a 
Parcel of Woollen Clotb^ if the Square of the Pounds he gave for 
the Linen Cloth be divided by 4, and to this Quotient there is 
added the Pounds each Sort cq/i, the Sum is 1 000 Pounds : 

But if the Pounds the Linen cojl is added to the Quotient of 
the Pounds the Woollen co/lj divided by 8, the Sitm is 65 Pounds. 
How much was given far-each Sort? ^ 

Let a = the Pounds the Linea coft, e = the Pounds the 
Woollen coft, b zz'4, d zz 1000, m*tz 8, x zz 65. 



i— a 



3 — 



aa 



aa 

-~ + a +<r-zz d 

b 

att- e 

a -f- — rr x 

~ m 



► By the.Queftion. 



b 
e zz d*~*a— — 



2 m 
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2XW 


5 


5 — ma 


6 


4.6 


7 


, aa 

7 + T 


8 


3 + a 


9 


9 — m x 


10 


xoxb 


11 



ma -f- * = m x 

e =: m x — ma 

1 aa 

m x — m a = a — a — — . 

b 

a a 

T 

aa 

T 

a a 

~b 

aa-\-ba — bma~ b d — bmx 



>\-m x — ma — d — a 
-|- a -\-m x — mazz d 
-\-a — ma zz d — mx 



Here the Equation appears ^uadrWffc^ and the firH: Power of 
the unknown Quantity a y has two Co-efficients b and b m, both 
which are known, but b — bm = ^. — 32 = — 28,, therefore 
as — 28 is a negative Quantity, fubftitute — % = — 28, or 
— z z= b — m, then the laft Equation becomes, 
^ By Subftitution | 12 | aa — za = bd — b m x> for b a — bma 
is a negative Quantity, b m being greater than b : And com- / 
pleating the Square as before, ; 



12 c □ 



13 



— =1 £ # — bm x -f- , 

+ - _ 4 

for— *x~-- = + — , by Art. 9. 
2 



2 4 

And extracting the fquare Root as in the former Queftions, 



13 LUI 2 



" + T 



14 # — — —^/bd — ^7«A"4- — 
2 w 4 



By the fixth E- 
quation> 



xth E- 1 



a~W b d^— bmx X- — :+— = 60 
42 

(Pounds, tji-e Linen coft. - 

e =-•/# x^-^r^a zz\. 40 "Pounds, the 

(Woollen coft, 



A a 



proof; 
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a a 



-}- a -j- e = iooo. 
• + £■ = 65. 

To refohe a Quadratic liquation when the Square of 
the unknown Quantity has a Co-efficient. 

58. But if the Square of the unknown Quantity has any 
Co-efficient befides Unity > or 1, then before you begin to corn- 
pleat the Square^ divide every Term in the Equation by that 
Co-efficient, after which compleat the Square, and proceed as 
before. 

Queftion 66. To find two Numbers, that the Square of the 
greater being multiplied by 4, if this Produ6i is added to 3 times 
the leffer, the Sum/hall be 1606 : 

But if 5 times the greater is added to 6 times the lejjer^ the 
Sumjhallbe 112. 

Let a = the greater Number, e =: the IefTer Number, 
i zn 4, d = 3, m = 1606, p = 5, x zz 6, % = 112. 





I 


baa-\-dezzm 


[ By the 




2 

3 


p a -\- x e ~ z 


— £ tftf 


d e zz m — baa 




3-< 


4 


m — b a a 




d 




2 />* 


5 


xe = z — p a 




S-+-X 


6 


z — p a 

e = — 

X 




4.6 


7 


%-—p a m — 


baa 


* d 




7 X * 


8 


xm- 

t p Q """"" ' 


— xba a 




J 



$xd 
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8 x d 

g -|- x b a a 
10 — dz 



9 
10 

ir 



dz — dp am x m — xb a a 
x b a a -j- dz — dp a zz xm 
xb aa~—dp a=z x m — dz 



The Equation appearing to be Quadratic^ and all the known 
Quantities, except thofe which contain the unknown one, being 
on one Side of the Equation, and the higheft Power of the 
unknown Quantity having a Co -efficient, divide by that Co- 
efficient. 



11 



xb\ 12 \ aa~* 



dp a xm — d$ 

~xT^ 



xb 



To avoid the Trouble of dividing — £, the Co-efficient of a % 

xb 

by 2, and fquaring the Quotient, and adding it to both Sides 

of the Equation to compleat the Square, as in the former 

Qiieftions, fubftitute — r z= — — - — — .625 then, 

xb 



By Subftitution 
13c D 



13 



aa — ra = 



xm — f*dz 



xb 



, rr xm 
a a — r a -f* — := 

4 



dz , rr 

xb 4 



Now extracting the fquare Root as in the laft Queftion> 



14 WJ 2 



2 



By the fixth Step 



16 



*7 



r /xm — dz . rr 

a Z=Zy/ + — 

2 xb 4 

/xm — dz . rr , r ___ 

a = v/. -r + — : + 20, 

^ xb 42 

(the greater Number. 



z — p a 

e = . - - 



zr 2, the leffer Number, 



PROOF. 

4 a & 4- 3 * = 1606. 
5 ^ 4" 6 ^ sn 1 1 2 -. 

A a 2 



QueAbn 
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Queftion 67. Two Gamefiers, A and B, lofing at the Gaming- 
Tables, upon comparing their Loffes, found, that if the Square of 
the Founds A lojhwas multiplied by 5, and this ProduSl added to 
6 times the Pounds B loft, the Sum was 548 Pounds : 

But if the Pounds A lojl zvas multiplied by 3, and to this Pro- 
duct adding the Pounds. B loft multiplied by 2, the Sum was 46 
Pounds. To find the Lofs of each? 

Let a =. the Pounds A loft, e = the Pounds E loft, x ■=. 5, 
m — 6, d ~ 548, b zz 3, z = 2, r =. 46. 





I 




2 


1 — x aa 


3 


3"^ m 


4 


2 — b a 


5 


5 — z 


6 


4.6- 


7 


J x m 


8 


8xz 


9 


9 ~|~ 2; x a a 


10 


iQ-—rm 


11 



*"+»'=rf} By the Queftion. 

me ~d — x a a 
d — x a a 



7tl 

ze-=z r — b a 
r — ba 






- — b a d — x a a 



rm — mb a 



=. d — x aa 



r m — mb a = zd — zx a a 
z x a a-\- rm — mb a zz z d 
zx a a — mb a— zd — r m 



The Equation being Quadratic, and all thofe Terms which 
contain any Power of a being on one Side of the Equation, 
divide by the Co-efficient of its higheft Power. 



II -rrZX 

Ey Subftitution 
13' E 



1 mb a 
12 aa 



zd- 



13 



Subftitute — p zz,— — = — 1. 

Z X 



a a — p a zz '. 



• r m 



aa — pa-\-PJ- 
4 



z x 

zd — rm 

zx 



JuPP 
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« + i 



By the fixth Step 



*7 



p /% d — rm 






+ 



pp 



%x 



rm 



4 



z x 42 

(Pounds, the Sum loft by A. 

r — ha = 8 Pounds, the Sum 
* (loft by B. 



PROOF. 

5 a a -f* ^ £ = 54^ 
3 <2 4" 2 ^ ==: 4^ 

Queftion 68. Two Brothers, A W B, trying each other's 
Skill in Algebra, fays the eldejl Brother, the Sum of our Ages 

is 45 : ... 

But, fays the youngejl, if they are multiplied together, the Pro- 
duel is 500. What is the Age of each of them ? 

Let a = the Age of the eldeft, e = the Age of the youngeft, 
s = 45, p = 500. 



1 — <? 

2 -T- * 

3-4 

5 X e 



* + '==*? By the Queftion. 

ae-=ip $ ; ^ 



a = 



e 



-=z s — * 



e 
pzz.se- 



- e e 



Becaufe the Square of the unknown Quantity has the Sign—, 
therefore tranfpofe it, that the higheft Power of the unknown 
Quantity may have the affirmative Sign. 



6 + e e 

7 —P 
8 — se 

9 c D 



7 e e -\- p'ZZ s e 

8 e e = s e — p 

9 e e — s e — — /> 

■ n s s , 

10 *<? — *' -r — ~ — — P 

4 4 



10 wu 2 
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Queftion 67. Two Gamefters, A and B, lofmg at the Gaming- 
Tables^ upon comparing their Lojfes, foimd, that if the Square of 
the Pounds A lojhwas multiplied by 5, and this Product added to 
6 times the Pounds B lofi> the Sum was 548 Pounds : 

But if the Pounds A lojl was multiplied by 3, and to this Pro- 
duel adding the Pounds. B lojl multiplied by 2, the Sum was 46 
Pounds. To find the Lofs of each? 

Let a zz the Pounds A loft, e = the Pounds B loft, x zz 5, 
m zz 6, d zz 548, b zz 3, z = 2, r zz, 46. 





1 




2 
3 


I — tftftf 


3-r- 0* 


4 


2 — £ # 


5 


5---* 


6 


4.6 


7 


j x m 


8 


2 x z 


9 


g ~^~ z x a a 


10 


lQ-—rm 


11 



* *"+'»<=<* l By the Queftion. 



d — x a a 



m 
ze rr r — Z> # 
r — ba 



■ba 



xb a 



= d — x aa 



r m — m b a = zd — zx a a 
z x a a-\- rm — m b a zz z d 
zx aa — mba zz zd — r m 



The Equation being Quadratic, and all thofe Terms which 
contain any Power of a being on one Side of the Equation, 
divide by the Co-efficient of its higheft Power. 



1 1 -r Z # 

£y Subfiitution 
13' D 



12 a a — 

zx 

Subftitute — p 



mba z d — r m 



n 

h 



Z X 



a a — p a zz ', 



= ^i: = — 1.8 

z x 

z d — r m 



z x 



a a — pa-\- r — zz + - £ - 



zx 
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By the fixth Step 



0/" Quadratic E q^u a t i o n s. 
15 



1S1 



16 



17 



2 Z* 



rm j,pp 



a = s / zd - rm ^H: + L = 10 
z x 42 

(Pounds, the Sum loft by A. 

the Sum 
(loft by B. 



e zz ^ ■ zz 8 Pounds, the Sum 



PROOF. 

5 a a -f- 6 e -=z 548 
3 <z -J- 2 * zz 46 

Queftion 68. Two Brothers, A and B, /ry/ag ^j^ 0/for'j 
Skill in Algebra, fays the eldejl Brother, the Sum of our Ages 

is 45 : 

But, fays the youngefl, if they are multiplied together, the Pro- 

dutt is 500. What is the Age of each of them ? 

Let a = the Age of the eldeft, e = the Age of the youngeft, 

* = 45> P = 500. 



1 — e 

2 -r- e 

3-4 

5X e 



J + fr"*} By the Queftion- 



a — s 
P 



p __ _ 
e 
p ~ s e ' — £* 



Becaufe the Square of the unknown Quantity has the Sign — , 
therefore tranfpofe it, that the higheft Power of the unknowa 
Quantity may have the affirmative Sign. 



6 -f- e e 

1 —P 
8 — se 


7 
8 

9 


9 c D 


10 



e e -\- pzz se 
e e = s e — p 
e e — s e zz — p 

e e — s e -j- — ~ — . — ^ 
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10 m 



By the third Step 



ii 



12 



r 3 



2 4 



__ s Jss 

e - j +\/ — — /> = 25, the Age 
* (of the youngeft. 

* = j — e — 20, the Age of the eldeft. 



This Anfwer to the Queftion contains an Abfurdhy, for e that 
is put for the Age of the youngejl Brother is 25, when a that is 
put for the Age of the eldeft Brother is only 20. 

"The two Roots of Quadratic Equations explained. 

59. And now we (hall explain to the young Analyft, that in 
every Quadratic Equation, the unknown Quantity has two 
Values or Roots, fometimes one is affirmative^ and the other 
negative , and fometimes both are affirmative. 

There are three Forms of Quadratic Equations. 

The firft is the fixth Step of Queftion 60, where we have 
ee + b er=im. 

And of this Form are the Equations at Queftion 61, Step 7. 
Queftion 62, Step 9. Queftion 63, Step 9. Queftion 64, 
Step 12. 

The fecond Form is the twelfth Step of Queftion 65, where 
we have a a — za=z b d — b m x. 

And of this Form are the Equations at Queftion 66, Step 11. 
Queftion 67, Step 13. 

The Difference between thefe two Forms of Quadratic Equa- 
tions, is only in the loweft Power of the unknown Quantity 
having the Sign -|- or — , for in the firft Form it has the Sign 
+, it being b e y but in the (econd Form it has the Sign — , for 
it is — - z a. And if the loweft Power of the unknown Quan- 
tity has feveral Co- efficients connected by the Signs -f* or — , 
as at Queftion 64, Step 12. Queftion 65, Step 11. Then if 
the Sum of the pofitive or affirmative Co-efficients exceeds the 
Sum of the negative Co-efficients, the Equation is of the firft 
Form: But, on the contrary, if the Sum of the negative Co- 
efficients exceeds the Sum of the pofitive or affirmative Co- 
efficients, then the Equation is of the fecond Form,* 

2 But 
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But the third Form is the ninth. Step of the laft Queftion, 
where we have ee — s e 7= — />, which differs from the other 
two Forms of Quadratic Equations, in this, that if the Side of 
the Equation, which is known, confifts but of one Quantity, as 
in the prefent Cafe, it has the Sign — ; and if that Side of the 
Equation confifts of feveral known Quantities connected by the 
Signs -|- or — , that then the Sum of the negative Quantities 
is always greater than the Sum of the affirmative Quantities ; 
but in the firft and fecond Form, if there is but one known 
Quantity, which compofes that Side of the Equation, it will 
always have the affirmative Sign ; and if there are feveral known 
Quantities connected by the Signs + or — , that then the 
Sum of the affirmative will always exceed the Sum of the 
negative Quantities. 

Now of the two Values or Roots of a in the firft and fecond 
Form of Quadratic Equations, one is affirmative, and the other 
negative; and as the negative Value in thefe Equations does 
not come out in the Operation without a Miftake in the Work, 
therefore thefe two Forms of Quadratic Equations give the 
true Numbers required. 

But the two Values or Roots of a in the third Form are both 
affirmative, and the Anfwer fometimes giving one, and fome- 
times the other Root, and it being doubtful in many Cafes 
which of thefe two Values of a will anfwer the Conditions of 
the Queftion ; this Form of Quadratic Equations is therefore 
called the Ambiguous Form. 

Before we fhow the Reafon of thefe two Values or Roots of 
the unknown Quantity in Quadratic Equations, and how from 
having found one Number, or Value, the Learner may find the 
other Number ; we fhall explain the Divifion in Algebra, where 
the Quotient coniifts of feveral Quantities connected by the 
Signs -{- and — . 

60. The Nature of Divifion explained, when the Quotient confifts 
of feveral Quantities connected by the Signs -f- or . 

To render this the eafier to the Learner, let us refume 
Example 1, Article 22, where we are to divide ab -f- am by 
a 9 which being placed as ufual in common Arithmetic, thus, 



Now 
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Now the Number of times a may be"" 
had in a b is b y that is, b is the Quotient 
of a b divided by a ; place b in the 
Quotient, multiply it by tf, and place 
the Product a b as in common Divifion, 
and fubft rafting it from a b -\- a m the 
Dividend, there remains am\ then find 
how many times a will go in a m y and . 
it is m 9 that is, m is the Quotient of a m \ 
divided by a> and becaufe the Signs of 
the Divifor a, and Dividend am are 
alike, therefore it muft be + m, which 
being placed in the Quotient, and mul- 
tiplied by a, the Product is a m, which 
placing under a m, and fubftracting it 
from a m 9 there remains o. J 

Hence the Quotient is Z» -f- w. 

To divide xx-\-xm-\-xabbyx. 

x)xx-\-xm-\-xab(x-\-?n -\- ab 
x x 



a) a b -J- am {b -f- 1 



ab 



<\- am 



-\- am 



x m 


+ 


x a 


b 


x m 












x a 


b 






x a 


b 



Here dividing xx by x, the Quotient is #, which placed 
in the Quotient, and multiplied by the Divifor #, and placing 
the Product x x under the Dividend, from which fubftracting 
it, there remains x m -^ x ab. 

Then dividing xm by x y the Quotient is w, or -f~ m y for 
the Signs of x m and x are alike, put -f- m m tn e Quotient, by 
which multiply the Divifor at, and put the Produ£t xm under 
xm -\- x ab) and fubftracting, there remains x a b. 

Then dividing xab by at, the Quotient is a b, ox -\- ab y 
for the Signs of x a b and x are alike, put + a b in the Quotient, 
by which multiply the Divifor #, and put the Product xab, 
under xab, and fubftracting, there remains o, hence the Quo- 
tient is x + m -\- a b. 

To 
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To divide xx -f- 2 xa -\» a aby x ~\- a. 

x -\-a) xx -\-i xa ^ a a [x -\- a 

x x -f- .v # 



Dividing ,* * by x 9 the Quotient is x, by which multiplying 
the Divifor x + a, the Produd is x x + * *, which placed under 
the Dividend, and fubftra&ed, there remains x a -f * <?. 

; Then dividing xa by #, the Quotient is a, or + a, for the 
Signs of xa and # are alike, put + a in the Quotient, multi- 
plying it by the Divifor x -f- a, the Product is x a + a a, which 
put under the Remainder xa-^aa, and iubftra&ing, there 
remains o, hence the Quotient is x -f- a. 

To divide a a — b b by a -{- b. 

a + b) aa — h b [a — b 
a a -\- a b 



— ab — bb 

— ab — bb 



Dividing a a by a> the Quotient is a, and multiplying the 
Divifor by a, gives a a +- a b, this fubflracled from the Divi- 
dend leaves —ab — bb; for here' the Quantity *£, which is 
to be fubftra&ed, is, by the Rule for Subitra&ion, to have its 
Sign changed, and then added, hence + ab becomes in the 
Remainder — a b. 

^ Then dividing — a b by a, the Quotient is — b, for the 
Signs of ab and a are now unlike; multiplying the Divifor 
a-\-b, by — b, and fubftradting the Product — ab — bb, from 
the Remainder— ab—bb, there remains o, hence the Quo- 
tient is a — b. 

To dirideaaa — saax+zaxx — xxxbya — x. 

a—x)aaa — 2aax-{-3axx—xxx(aa — 2ax + xx 
a a a — aax s 



— la ax -\-^a x x — x xx 

— la ax + lax x 



a x x — xxx 

a x x — xxx 
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In thefe Divifions we may at Pleafure take any Term in the 
Dividend we have a Mind to ufe firft, and find how many 
times any Term in the Divifor can be had in it, and when the 
Divifor is multiplied by the Quotient Quantity, we fubftraft it 
from the whole Dividend, that is, take any Term in the Pro- 
ducT, from any Term in the Dividend, without regarding 
whether they {land immediately over one another or no. 

And to difcover how many times any one Quantity can be 
had in another, we are only to confider into what Quantities we 
muft multiply that Term in the Divifor, to make it the fame 
with the Term in the Dividend, at which we afk the Queftion. 
Or, it is no more than to find the Quotient, which arifes from 
dividing that particular Quantity in the Dividend, by the Quan- 
tity in the Divifor, which is done by the Rules in Divifion. 
Let us take the laft Example, and change the Pofition of the 
Quantities : 

•-— •*■-{- tf) — xxx -\- acta -\- ^axx — %aax (x x-\-aa-~- zax 

— xxx ~\- a xx 

■ ■ ■ ■■i.. y fc. , .. — ■-= — — 

aaa-\- 7,ax x — 3 a a x 
aaa — aax 



laxx — laax 
2axx — 2 aax 



o 
where we have the fame Quotient as before. 

The Truth of thefe Operations is proved as in Divifion of 
common Numbers, for if the Work is true, the Quotient being 
multiplied by the Divifor, the Product will be the given Divi- 
dend ; thus in the laft Example, 

x x + a a — 2 ax is the Quotient. 



— x xx — a a x + 2 a x x the ProducT: from multiplying x x -f- a a 

— 2 ax y by — x. 
axx-\-aaa — <2aax the ProducT: from multiplying x x -{- 

a a — 2 a x, by a. 



— xxx — oaax-\- ^axx-^aaa the fame with the given Di- 
vidend, for though they do not ftand in the fame Pofition as 
in the Example, yet as the Quantities in each Term are 
alike, and they have the fame Co- efficients, and connected by 
the fame Signs, their whole Value, or Amount, muft be the 
fame. 

The 
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The Manner of finding the two Roots, or Values, of 
the unknown Quantity in Quadratic Equations. 

61. Now to find the other Value of a, in the Ambiguous 
Quadratic Equation* Queftion 68. 

Take the Work at the Step immediately before you begin to 
compleat the Square, which is at the ninth Step, where the Equa- 
tion is - - ee — se = — p 

Make this Equation equal to nothing, 7 , 

by tranfpofing/ - - *>\ee~se + p = o 

Then put it in Numbers, and it is e e — 45 e + 500 = 



By the Work we found - - e zz 25 

Make this Equation equal to nothing, by tranf- 7 
pofing the 25, thus, - - - y 2 5 

Then divide ee — 45 e + 500 by e — 25, thus, 



/ — 25) ee — 45*+ 500 {e — 20 
e e — 2$e 

— 20* + 500 

— 20*? -j" 5 00 



Hence the Quotient is e — 20, but as the Dividend is nothings 
for e e — 45 e + 500 rz o as above ; and as the Divifor e — . 2 «? 
is nothing, for e — 25 = O as above, it follows that the Quotient: 
muft be nothing, or equal to nothing, that is, e — 20 = o -, thea 
tranfpofing 20, we have e = 20, which is the other Value of e, 
in this Quadratic} Ambiguous Equation ; therefore, I fay the 
youngeji Brother was but 20 Years of Age, 

And upon this Value of e, if we take the third Step of the 
Work to the Queftion, that is, a = s — e, we {hall find a = 25, 
whence the eldeft Brother was 25 Years of Age, and thefe are 
the true Ages of the two Brothers ; for their Ages anfwer the 
Conditions of the Queftion, and it is a poffible Cafe, whereas 
though the other Numbers anfwered the Conditions of the 
Queftion, yet it was impoftible for the youngeji Brother to be 
25, when the eldeft was but 20 Years old, 

B b 2, From 
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From the Work of the Queftion we found - e = 25 

But now we have found - - e zz 20 

The Sum of thefe two Values of e, is - 45 

But obferving where we put this Quadratic Equation into 
Numbers, and made it equal to nothing, we {hall find the 
Co-efficient of the firil Power of e to be — 45, but the Sum of 
the two Values of e is + 45> as above, and concerning thefe 
Quadratic Equations, Algebraijls give us this 

SCHOLIUM. 

62. That in Quadratic Equations the Sum of both the Roots, 
sr Values, of the unknown Quantity, is equal to the Co-efficient 
(f the lowejl Power of the unknown Quantity, at the Step im~ 
mediately preceding the compleating the Square, but will have the 
contrary Sign , that is, if the Co- efficient of the loweft Power 
of the unknown Quantity has the Sign -{-, the Sum of both 
the Roots will be the fame as the Co-efficient, but will have 
the Sign — . 

And if the Co-efficient of the loweft Power of the unknown 
Quantity has the Sign — , then the Sum of both the Roots, 
pr Values, will be the fame as the Co-efficient, but will have 
the Sign -[-. 

Therefore having found any one Root, the other is eafily 
found. 



63. To find the other Value of the unknown Quantity in the fir jl 
Form of Quadratic Equations, or where the Co- efficient of the 
lowejl Potver of the unknown Quantity has the Sign -f-> it is done 
by adding the Value of the unknown Quantity found from the 
Operation, to the Co- efficient of its lowejl Power, and to their 
Sum prefix the Sign — .. 

Thus at Queftion 60, Step 6, the Co-efficient of e, 7 
is b, or 



To which adding the Value of e, as found by that ? 



Operation,. 



The Sum is - - - - *5 

And 
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And prefixing to this 15 the Sign — , and this is the other 
Value of e> that is, e -=. — 15, which is an imaginary Value 
of e 9 it being abfurd for a pojitive Quantity to be equal to a 
negative one. 

However, we fhall find this imaginary Value of e, if we pro- 
ceed by Divifion according to the Directions at Art. 61, 

For the fixth Step, Queftion 60, is that which immediate- 
ly precedes the compleating the Square, wh?re the Equation 
is - - - e e -f- b e = m 

Which is in Numbers - - - * * -|- io<?= 75 

Tranfpofe 75, to make the Equation 7 . , IO 

equal to nothing - - J ' ; ^ 

By the Work we found . - - e zr 5 

Tranfpofe 5, to make this Equation equal to nothing e — 5=0 

Then dividing e e + 10 e — 75 by e — 5. 

' — 5)"+ 10^ — 75(^+15 

e e — 5 e 

15' — 75 

15* — 75 



Hence the Quotient is e + 15, but as the Dividend is equal 
to nothings for e e -f* 10 e — 75 zz o, and as the Divifor e — 5 
is equal to nothings for e — 5 zz o, as above, confequently the 
Quotient muft be equal to nothing, that is, e -J- 15 =: o, by 
tranfpofing the 15, we have e = — 15, as before. 

For another Example of this Kind take Queftion 61, where 
the feventh Step is that which immediately precedes the com- 
pleating the Square, the Equation being e e + m e =z x — b y 
which being put in Numbers is - **-J-6* = ii2 

By tranfpofing 1 1 2, to make the Equa- 7 . , _ 

tion equal to nothing, we have - j » 1 — o 

By the Work it was found - - e zz 8 

Tranfpofing 8, to make the Equation equal to 7 ft ___ 

nothing, we have -- - - J e ^ 

And dividing to find the other Root of e t as before, 

e— S 
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e — 8)** + 6* — 112 (e -J- 14 
e e — 8 e 



\\e — 112 
\\e — 112 



Hence the Quotient is e 4- 14, which for the fame Reafon as 
before, it is e + 14 zz o, hence e = — 14, for the other 
Value of e. 

And this Value of e will be found by the Rule Art. 62. 

Thus at Queftion 61, Step 7, the Co-efficient of el 6 
is w, or - - - 3 

To which adding the Value of <?, found at the ) R 
Operation - - - 3 



The Sum is 



H 



Then by the Rule prefixing the Sign — to 14, we have 
— 14 for the other, or imaginary Value of e, the fame as 
before. 

But if we add thefe two Values of e together, we (hall find 
their Sum anfwer to the Scholium^ Art. 62* 

The firft Value of e is - - - 8 

The fecond Value of c is - - — 14 



— 6 



Hence their Sum is the fame with the Co-efficient of e> but 
has the contrary Sign. 

If the Reader has a Mind to profecute this Speculation, he 
may try Queftion 62, Step 9. Queftion 63^ Step 9. Queftion 
64, Step 12, or 13, which are Equations of this firft Form, 
as well as fome that follow them. 

To find the other Value or Root of the unknown £>uan~ 
tity in the Second Form of Quadratic Equations. 

64. The fecond Form of Quadratic Equations, is when the 
Co efficient of the loweft Power of the unknown Quantity has 
the Sign — j in this Cafe fubjlratt the Co-efficient of the loweji 
P over , fuppofing it affirmative^ of the unknown Quantity in the 
given Equ<. tion 7 at the Step immediately preceding the completing 
1 tbt 



Hosted by G00gk 



Of Quadratic E q^u a t i o n s. iqi 

he Square, from the Value of the unknown Quantity found by thg 
Work^ to the Remainder prefix the Sign — , and it will be the other 
Value of the unknown Quantity. Or place down the Co- efficient 
with its Sign — , to which add the Value of the unknown Quantity 
found by the Work, and to this Sum prefix the Sign — , and it will 
be the other Value, or Root of the unknown Quantity. 
> An Equation of this fecond Form is Step 12, Queftion 65, 
Where we have a a — zazz bd — bmx\ 

Here the Co-efficient of a, is — z, or - - . 28 

And the Value of a found in that Equation is - -f- 60 
The Sum is 32, but to it prefix the Sign — , and 7 

it is — 32, the other Value of a, which is imaginary, j — 32 

as it has the Sign — . 

And if we proceed by Divifion according to the Directions at 
Art. 61. we fhall find this imaginary Value of a. 

Thus if we take the twelfth Step of Queftion 65, which 
immediately precedes compleating the Square, we have this 
Equation - - a a — za = bd — bmx 

Which being put in Numbers is - a a — 28^ = 1920 

Tranfpofina; 1020 to make the 1 

Equation equal to nothing - S a « — ^"— *920 = o 

By the Work it was found - - a = 60 

Tranfpofe 60 to make the Equation equal to 7 , 

nothing - - - i a ~ 6o =° 

And dividing to find the other Root of a, as before, 

a — 60) a a — 28 a — 1920 [a-\- 32 
a a — 60 a 

2,2a — 1920 
j2 a — 1920 



Hence the' Quotient is* -J- 32, which becaufe die Dividend 
and Divifor are each equal to nothings confequently the Quotient 
muft be equal to nothing, hence - a -j- 32 ~ o 

By tranfpofmg 32, we have - a = — 32, the fame 

imaginary Value of a, as before. 

And 
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And if we add thefe two Values of a together^ we fhall find 
their Sum agree with the Scholium^ Art. 62. 

The Value of a found by the Operation, Queftion 65, is 60 
The Value of a now found is - - — . 32 

Their Sum is 28, or -j- 28, the fame Number as the 1 % 

Co-efficient of a, but with a contrary Sign - 3 

Another Equation of this fecond Form is Queftioa 67, 

Strp 1 3, where the Equation is a a — pa — 

zx 

Which being put into Numbers is - a a — 1.8 a = 82 

Tranfpofins; 82, to make the Equa- 7 00 

\ „ ,;• n \aa — 1.8* — 82 = 

tion equal to nothing - J 

By the Work it was found - - a zz 10 

Tranfpofing 10 to make the Equation equal to 7 __ 

nothing - - - J ~ ' 

And dividing to find the other Value of ' a> as before, 



a — 10) a a — 1.8 a — 82 (tf + 8.2 
aa — 10 a 

8.2*— 82 
8.2*— 82 



Hence the Quotient is a -{- 8.2 which muft be equal to nothing, 
For the Dividend and Divifor are each ^equal to nothing: but if 
^-(-82=:©, 

By tranfpofing .8.2 we have a = — 8.2 which is the other 
Value of #, and it is imaginary^ becaufe it has the Sign — . 

The fame imaginary Value of a may be found by Art. 64, 
thus, 

The Co-efficient of a y is - - — 1.8 

The Value of a found by the Queftion, is - 10. 



The Sum is 8.2 

Now to this 8.2 prefix the Sign — , and we have — 8.2 for 
the imaginary Value of #, the fame as before. 

And 
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And if thefe two Values of a are added together, their Sum 
wili agree with the Scholium, Art. 62. 

The firft Value of a, is - - 10. 

The fecond Value of a, is - - ■ — 8 .2 

Sum - ~ T.8 ' 

But the Co-efficient of a, is — 1.8 

65. But in the ambiguous, or third Form of 
Quadratic Equations, 

If the Value of the unknown Quantity found by the Operation, 
is fubftrafted from the Co -efficient of its lowefi Power , at the 
Step immediately before the Square is compleated, the Co - efficient 
being fupp of ed affirmative, the Remainder is its other Value. 

At Queftion 68, Step 9, the Co-efficient of e is j, or 45 
The Value of e, found by the Operation, is - 2$ 

The Remainder is the other Value of e - - 20 

And it is this fecond Value of e that is the true Anfwer to 
the Queftion, as was obferved Page 187; and here the 
Learner may again obferve, that both the Values in this Cafe 
are affirmative, which makes this be called the ambiguous Cafe, 
but in the other two preceding Cafes, or in the four former 
Examples, the other Value of the unknown Quantity was 
negative, which is only an imaginary Value, it being impoflible 
for an affirmative, or pofuive Quantity, which the Queftion 
requires, to be a negative, or equal to a negative Quantity. 

But we may find the other Value of e, in this ambiguous Cafe, 
by Divifion, as in the former Inftances, thus, 

The Equation, Queftion 68, Step 9, 1 
immediately before the Square was com- Ve e — s e == — p 
pleated, is - - 3 

Which being put in Numbers, is - e e — -45 e ~ — 500 

Tranfpofino; coo, to make the 7 , „^ 

-equation equal to nothing y _ 

By the Work it was found - - e zz 25 

Tranfpofing 25, to make the Equation equal \ 2 c — 

to nothing - - $ 5 — O 

C c And 
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And dividing to find the other Value, or &oot of <?, as 
before, 



* — 25)** — 45* + 500(*- 
e e — 25 e 

— 20*-{- 500 

— 20 £-f- 500 



20 



Hence the Quotient is e — 20, which muft be equal to nothings 
for the Reafon in the former Cafes, butjf e — 20 = 3 

Tranfpoling 20, we have - - * e zz. 20 the 

other Value of e> the fame as before. 

And in this ambiguous Cafe, if we add the two Values of e 
together, we fhall find them agree with what is faid at the 
Scholium^ Art. 62. 



The firft Value of e 9 is 

The fecond Value of e y is . - 

But the Co-efficient of e> is — 45. 



25 

20 



45 



T6e Manner of expr effing the two Roots of an 
ambiguous Quadratic Equation explained. 

66. Now to explain the ufual Manner in which Algebraijls 
exprefs the Value of the unknown Quantity, in the ambiguous. 
Quadratic Equation ; let us refume the Solution of Queftion 68, 
at the eighth Step, where there is this 



e e zz s e —~ p 

e e — s e ~ — p 

, s s ss 
e e — s e -f- — = — 



Equation 


1 


j — s e 


2 


2 c U 


3 


3 wj 2 


4 


1 s 


5 



s _ I sj_ 

2 4 



That 
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That is, prefix both the Signs + and — , to the Quantity under 

the radical Sign, for that being added to _, or the rational On^n* 

2 

titles on that Side of the Equation, gives one of the Values of c, 

but if it is fubflracled from — , or the rational Quantities on that 

2 
Side of the Equation^ then it gives the other Value of e, thus, 



* = 45 
' = 45 
225 
180 

4) 2025 =XT 

506.25 = — 
4 
- ^ = 500. 

ss 



4 4 r 



45) 225 
225 



Then to find the two Values or Roots of e. 





J 


= 22.5 




2 




f ss ' 


~P 


= 2.5 






25. = 


2 


= 


22.5 


-^-, 




-2.5 



25. = one of the Values of *♦ 



20. the other Value of e y which two Values 
of e are the fame as was found at Art. 61. 



C c 2 And 
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And this is the common Method in which Algehr at/is fet 
down, or exprefs the Value of the unknown Quantity, in the 
ambiguous Quadratic Equation. 

The Reafon of Quadratic Equations having two different 
Values of the fame unknown Quantity, is becaufe the fame 
Quadratic Equation can be formed from two different Suppofi- 
tions, or Values of the unknown Quantity, or fuppofing the 
fame unknown Quantity to be equal to two different Numbers. 

For let us refume the Equation ee — s e = — />, or *<? — 45 ^ 
= — 500, in this ambiguous Equation we found the firft Value 
of e to be 25, by making e equal to 25, we have 



1 ©- 2 
Multiplying the firft-) 

Equation by — 45, the ( 
Co- efficient of *?, in the ( 
given Equation - J 

2 + 3 



1 

2 

3 

4 



* = 25 

e e zz 625 

— 45/ = — 1 125 

ee — 45<?r= — 500, the fame 
with the given Quadratic 
Equation. 



And if we take the other Value of e^ viz, 20, we can form 
the given Equation, for 



Let 


1 


ezz 20 




I @~2 


2 


e e — : 400 




ix — 45 the Co- 1 








efficient. of e 9 in the > 


3 


— 45 ' = ~ 


-900 


given Equation - J 








2 + 3 


4 


ee — 45*? =z 


— 500, the fame 






with the 


given Quadratic 






Equation. 





Likewife if we take the firft Form of Quadratic Equations, 
viz. e e -f- b e = w, or ee -f- 10 e z= 75, fee Queftion 60, Step 6. 
Nowjhe two Values of e in this Equation we found to be 5, 
and — 15, and from either of thefe Values of e, we can form 
the given Quadratic Equation, 



Suppofe I 1 
11&2 2 



e — s 
<e-z2$ 



I X 
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1 x 10 the Co-effi- 1 
cient of *, in the given ?• 

2 + 3 



Equation 



Again, fuppofe 
I & 2 



1 X 10 as above 
2 + 3 



3 

4 



10 e zz 50 

ee + 10 <? = 75, the fame with 
the given Quadratic Equation. 

* = — 15 

e e zz 225, for — 15 X — 15 

= + 225, the Signs being 

alike. 

io* = — 150 

e e + 10 e = 75, the fame E* 
quation as before. 



And if we take the fecond Form of Quadratic Equations, viz* 
a a — zazzbd — bmx, or a a — 28*? rz 1920, fee Queftion 
65, Step 12. The two Values of a in this Equation we found 
to be 60, and — 32, from either of which we can form the 
given Equation, for 



Suppofe 
_ 1 ©- 2 
IX — 28 the Co- 
efficient of #, in the 
given Equation - 

2 + 3 



\ 



1 1 a zz 60 

2 a a zz: 3600 

— 28 a = — 1680 

4 1 # # — 28 a = 1920, the fame 
I with the given Equation. 



Again, if 

1 & 2 

IX — 28 the Co- 7 
efficient of a y as above 3 

2 + 3 



a — — 32 

<? a rr 1024, for — 32 x — 32 

■=L + 1024. 

— 280= 896,for — 28 x—- 32 

= + 896. 
a a — 28 a zz 1920, the fame 

with the given Equation. 



From this the Learner may obferve, that making the unknown 
Quantity equal to either of its Values, and raifing this Equation to 
the Square, and adding it to the former Equation, after it has been 
multiplied by the Co- efficient of the lowejl Power of the unknozvn 
Quantity in the Quadratic Equation, this Sum will be the given 
Quadratic Equation* 

Queftion 
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Queftion 69. Two Men, A and B, difcourfmg of their Shil- 
lings, A, who had the greateji Number, /aid, if my Number of 
Shilli?igs is divided by your's, and this Quotient is added to your 
Number of Shillings, the Sum will be 15: 

But if the Sum of both our Shillings is multiplied by 4, and 
this Producl divided by io, the Quotient will be 22. How many 
Shillings had each P erf on ? 

Let a = the Number of Shillings A had, or the greateft 
N umber, e = the Number of Shillings B had, or leffer Number, 
s =: 15, m = 4, n ■=. 10, dzz 22. 



Then 


I 


And 


2 


I X e 

3 — e e 
5 — me 


3 

4 
5 
6 


6 -H m 


7 


4-7 


8 


8 x m 
9 -f" m e e 

10^-dn 
1 — m s e 


9 

10 

11 
12 



" 1 

n 
a-\-e e ~ s e 
a zr s e — e e 
ma -±-me~ dn 
ma~dn — me 
- dn — me 



\By the Queftion. 



dn- 



m 
>m e 



ZZ S i 



• ee 



dn — me — ms e — me € 
m e e -\- dn — me~mse 
m e $ — me — m s e — dn 
mee — me — mse = — dn 



Here the Equation appears to be Quadratic, and of the ambi- 
guous Kind ; becaufe dn, the known Side of the Equation, has 
the negative Sign. Then by Art. 58, dividing by m, the Co- 
efficient of e e, 



12 



13 



dn 



an ^ 

ee — e — se=r ror 



m 



be- 



ing la every Term on one Side of the Equation, dividing that 
Part of the Equation by m, is only to caft away m, out of every 
Tarn of that Side or the Equation, and to divide the odier 
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Side of the Equation is only to place m as a Denominator to it. 
The Equation being now prepared for completing the Square, 

and the firft Power of e being in two Terms, viz. e se 

whofe Co-efficients are-*- 1, and — j, 



Therefore 




Subftitute — z zz — 1 - 


— J, then by 


Subftitution 


H 


*?£ — ze zz — 

m 




14' D 


l 5 


. zz zz 
<?£ — ze -f- — zz 


-/* 






4 . 4 


m 


15 w 2 


16 


2 iz z dn 

2 ' 4 w 




16+.I 


*7 


2 4 #2 

(that is. e is e 


= 8±3> 
ither <» or t 



And if e is 5, we fhall find a zz 50, by the fourth Step 
which two Numbers of Shillings anfwer the Conditions of the 
Queftion; or, if we fuppofe e zz n, then by the fourth Step 
we fhall find a zz 44, which two Numbers will Hkewife anfwer 
the Conditions of the Queftion : But fometimes one of the 
Numbers, or Roots, of thefe ambiguous Equations, will not 
anfwer all the Conditions of the Queftion, as at Queftion 74 
and then the other Root mull be found. 

Queftion /o. Two Merchants, A and B, had gained in trade ', 
hut A, who gained the mofl, found, that if the Square of the 
Pounds he gained was multiplied by 2, and the Producl added to 
8 times the Pounds B gained, if this Sum was divided by 4 the 
Quotient was 8 1 6 Pounds : ' 

But if 3 times the Pounds A gained, was added to 10 times 
the Pounds B gained, and this Sum divided by 40, the Quotient 
was 5 Pounds. How many Pounds had each Man gained ? 

Put a — the Pounds gained by A, e = the Pounds gained 
by B, x =z 2, m = 8, p zz 4, d zz 816, ^3, z =z i 0% 
r zz 40, n zz 5. 



I A'tf rf 
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I 



I xp 
3 — xaa 

2Xr 
6 — ba 

6-Hz 
5-8 

9X z 

lOY.rn 



x a a -\- m e ," 

ba+ze ^ By the Queftion. 



r= n 



x aa-\- me zzz p d 
m e =z p d — x a a 

p d — x a a 

e =: L 

m 
b a-\-ze zz r n 
z e = r n — b a 
rn — b a 



e = 
rn- 



ha p d — xaa 



10 
11 



z 

rn — b a \ 



z p d — zxaa 



mm — m ba = zp d — zx a a 



Tranfpofe zxaa, that the higheft Power of the unknown 
Quantity may have the Sign +. 



11 + zxaa I 1% 
12 — mm 13 



zx a a-\-mr n — mb a =: z p d 
zxaa — m b a zz zp d — mm 



The Equation now appears to be Quadratic, but to know if 
it is ambiguous, find which Quantity is greateft zpd, or m r n y 
but zpd is 32640, and mm is only 1600, hence zp d—mrn 
zz 32640—1600 = 3104.O, which being an affirmative Num- 
ber, the Equation is not ambiguous, by Art. 59. But be- 
caufe the Square of the unknown Quantity has a Co-efficient, 
therefore, by Art. 58, . 



13-r-z* 



Subftitution 

15 c D 
2 



H 



15 



a a* 



mb a __ zpd — mm 



zx zx 

Subftitute — s = —— then by 
zx 



aa- 



zpd — mm 
• sa zz _i 



, 1 1 ss— % P d 
16 a a — sa-\- ■ 



%z 4 

l6 \m 
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*7 + 



r 7 
18 



s /zpd — 

a = v/ 

2 %# 



mm , ss 
[- — . 

4 



f-zp d — mm . ss . s 

*=v/ — H : +- 

zx 42 



By the eighth Step 19 



(=40, the Pounds gained by A. 

8, the Pounds gain e d 
(byB. 



r n — b a 



Queftion 71. A Father, by his Will, left his two Sons, A and 
B, fuch a Portion, whereof A had the great eft Fortune ; that if 
the Square of the Number of Pounds he was to have, be multiplied 
by 2, and to this Product there is added the Number of Pounds B 
was to have multiplied by 35, the Sum was 6400 Pounds : 

But if the Number of Pounds A was "to have, be multiplied by 
20, and this Produft added to the Number of Pounds B was to 
have multiplied by 15, the Sum was 1600 Pounds. To find the 
Fortune of each ? 

Let a zz the Fortune of A, e = the Fortune of B, x zz 2 y 

m ~ 35, d zz 6400, b = 20, z = 15, r == 1600. 





r 1 




2 


1 — x a a 


3 


3 -r- « 


4 


2 — £ a 


5 


5-^-z 


6 


4.6 


7 


7 x z 


8 


8x^| 


9 



£ tf -\- z e = r 

me — d — * tf a 
d — x a a 



> By-the Queftion. 



m 

ze zz r — ba 
r — b a 






• b a d — x a a 



•ba = 



?n 
z d — z xaa 



1 b a = z d — ; 



Tranfpofe z x a a, that the higheft Power of a may be 

affirmative. 



9 -|~ z x aa 
10 — m r 



10 ! z x a a + m r — m b a zz zd 

11 I z x a a — m b a ~ %d — mr 

D d 



The 
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The Equation now appears to be Quadratic^ and to know if 
it is ambiguous, find what z d and m r are in Numbers. But 
%d — mr zz 96000 — 56000 zz 40000, a pofitive Quantity, 
whence the Equation is not ambiguous by Art. 59. And be- 
caufe the Square of the unknown Quantity has a Co-efiicient, 
therefore by Art. 58. 



II ~-zx 


12 


Subftitution 


13 


13 c O 


H 


14 tw 2 


15 


"* + T 


16 



tf a- 



mb a 

Subftitute — 
aa — s a zz 



_ zd — mr 

zx 

j zz then by 

zx 

zd — mr 



. ss 
aa — s a -\- — 

4 



z d — mr . s s 
zx 4 



s __ f% d — mr , s s 

2 ZX 4 

{zd — mr , ss , J 

tfzzv/ + — -+~ 

z x 42 

= 49.9999, &V. becaufe of the Imperfection of the Decimal 
Fraction j the true Number being 50, from which by 



The fixth Step 17 * = 



r — £ # 



: = 4o. 



Queftion 72. /F/w/ tfn? /£<?/* /«/* Numbers, the Quotient 
of the greater divided by 5, and added to the lejjer^ the Sum 
may be 12 : 

But the Produft of the two Numbers divided by 4, the Quotient 

is 40 ? 

Put a = the greater Number, * = the leffer Number, 
jn = 5, ^ zz 12, i= 4, * zz: 40. 



1 X w 
3 — me 

2 Y.d 



m I 

</ J 



# -\- m e zz m p 
a = #z/> — zw £ 



By the Queflion. 
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4.6 

7 X e 

8 ->[- m e e 

9 — dx 

10 — m p e 



7 
8 

9 
10 

11 






dx 



rr mp' 



*m e 



dx — mp e — m e e 
m e e -f- d x ~ mp e 
m e e z= 02 /> * — <^.** 
02 ^* — 02 ^ zzl - — */.V 



Here the Equation not only appears Quadratic, but Ambiguous^ 
for i x the known Side of the Equation is negative. Now 
by Art. 58. 

e e — -p e = — — 
m 
. />/> aa */# 
*<? — />*+ — = — — — 



II -r- 0/ 


12 


12 c U 


13 


13 WJ 2 


H 


•♦+* 


1 

15 


The fixth Step 


16 



4 
/7 



02 



a: 

02 



2 4 re 

,=£±•535=61* 

2 4 02 

that is, <? is either 8, or 4 : But if 
e == 8, then by 

* = — =20. Or if * z: 4, then 
e 

a = 40, either of which anfwers the Queftion. 

Queftion 73. Two young Gentlemen having been at the Gaming* 
Tables, and being afked by their Friend what they loft, which being 
ajhamed to own, A /aid, if the Number of Pounds I loft is divided 
by 4, and this added to the Number of Pounds B loft divided by 2, 
the Sum is 9 Pounds : 

But if the Produft of the Number of Pounds we both loft is 
divided by 10, and extraSfing the fquare Root of this Quotient , 
it will be 4. How much did each P erf on lofe ? 

Let a rz the Number of Pounds loft by A, e = the Number 
of Pounds loft by B, b = 4, d = 2, m = 9, p = 10 : as the 
Number 4 is in the firft Part of the Queftion, and it beino- 
again repeated, there is no Occafion for any new Letter. 

D d 2 la 
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e 
3 * * 

2©" 2 

5 *P 
6^e 

4- 7 

8 x* 

9 x d 

10 -=-£ 



II + ** 
12 — ^ b 
13 — dm e 



l\c D 



16 + 



15 wj 2 

dm 
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-By the Queftion. 



12 

*4 



— + — = m 
b^ d 



s/^ = b 



b 

a = b m 



a i = bb 



e 
1 

Li 

d 



a e — pbb 

pbb 
a zr L 



pbb 



= bm - 



p b b -zz b m e ■ 



be 

~d 

bee 

~~7~ 

dp b b zz dbme —~ bee 

Dividing by b 9 by Art. 53. 

dp bzz d m e — e e 

To have the higheft Power of e affir- 
mative, tranfpofe e e. 

e e -f- dp b zz d me 

e e ~ dm e — dp b 

e e — d m e = — dp b 

Here the Equation appears quadratic, 

and ambiguous. 

, , ddmm d dmm , , 
e e — dme -\ = — dp 

4 4_ 

d m /ddmm . 
e — — •=!</ — dpb 

2 4 rf 

^_l (ddmm , , , 

2 ~ v 4 



that is, e is either 8, or 10, whence by the fourth, or feventh 
Steps, we fhall find a == 20, or 16. 

Queftion 74. In the right-angled Triangle ABC, there is 
given the Hypothenufe A C = 10, and the Sum of the Bafe A B 
and Perpendicular BC rr 14. To find the Bafe AB and Per- 
pendicular B C ? See Figure, Page 206. 
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Let AC ~ b = 10, AB-fBCni=: 14, AB = a\ and 
becaufe AB + BC = ^ therefore from this fubftrading AB, 
or #, we have B C = d — a. 

Having expreflfed all the Sides of the Figure in Symbols, and 
there being but one unknown Quantity, we are only to raife 
one Equation from the Property of the Figure ; and the Triangle 
ABC being right-angled, we have by 47 e 1 the Square of the 
Hypothenufe AC, or bb, equal to the Square of the Bafe AB, 
ortfrf, added to the Square of the Perpendicular BC, or dd 
- — 2 d a -\- a a, that is, 



In Symbols 
i—dd 



b b == d d — 2 
2 a a — 2 d a ~ 



la -\- 2 a a 
bb — dd 



Here the Equation appears quadratic, and becaufe dd is 
greater than b b, it is likewife ambiguous, for b b — dd— 100 

, iq6 = — 96 a negative Quantity; but as the Square of the 

unknown Quantity has a Co-efficient, theiefore divide by it 
by Art. 58. 

bb — dd 



2 -7- 2 

4 luj2 

5 + ^ 



a a — d a = ' 



2 
dd dd , bb — dd 

4 4 2 

d 



/dd , bb — dd 

•V — + ■ 

4 2 



d , /dd, bb- 
a— _ + v / — + 

24 2 



*dd 



= 7±i 



from whence the Bafe A B may be either 8, or 6 ; fuppofing. 
the Bafe 8, then becaufe by the Queftion, the Sum of the Bafe 
and Perpendicular is 14, the Perpendicular BC will be 6; but 
if we fuppofe the Bafe to be 6, then from the fame Reafoning 
the Perpendicular B C will be 8. 

And the Queftion not limiting which is longeft, either the 
Bafe AB, or Perpendicular B C, we may take either '6, or 8, 
for the Length of the Bafe AB, for either will anfwer the Con- 
ditions of the Queftion. 

But if the Queftion had faid that the Bafe A B, is longer 

than the Perpendicular B C, then we muft take a = — 



. /dd, bb — dd 



; 85 by which we (hall ilnd the Perpen- 
dicular 
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dicular B C =: 6 ; for if we take a zz — — */ -\ — - 

242 

— 6, then we fhall find the Perpendicular BC = 8, which can- 
not be, becaufe the Queftion is fuppofed to determine the Bafe 
A B, to be longer than the Perpendicular B C. 

Queftion 75. In the right-angled 
Triangle ABC, given the Hypothe- 
nufe AC =: 10, the Perpendicular 
BC, being Jhorter than the Bafe 
A B, by fuhjlrafiing the Perpendi- 
cular B C from the Bafe A B, and 
multiplying the Difference by 20, 
and dividing this Product by 8, the 
Quotient is 5. What is the Length 
of the Bafe A B, and Perpendicu- 
lar B C ? 

Let AC = * = 10, AB = a, BC =ze> dzz 20, m = 8, 
% = 5. 

aaJr ee = hb by the Property of the 
Figure, as in the laft Queftion. 

. = 2 by the Queftion. 

m 

a a zz bb — e e 






l 




1 


1 — e e 


3 


3 vu 2 
■2%m 

5 + <t< 


4 

5 
6 


6-~d 


7 



a zz *J b b — ~e e 
da — d e zz zm 
da zz zm -\- d e 
zm A- de 

n — . • 



4-7 



z m -f- de 



= y/th- 



Squaring both Sides of the Equation, becaufe the unknown 
Quantity is under the radical Sign. 



8 ©- 2 

9 x dd 
IO -f- ddee 
II — zzmm 
2 



IO 
II 
12 



e e 



zzmm -f- izmde 4- dde e . , 

. ,-J — b 

dd 

zzmm-\-2zm de-\-dde ezz ddb b — dde e 

zzmm-\-2zmde-\- 2 ddee zz b b d d 

2 d d ee -{- 2 zmde zz bb dd — zzmm 

Dividing 
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l2-~2dd 
That is 



*3 



Dividing by the Co-efficient of e e by 

Art. 58. 

. 2zmde bbdd — zzmm 
e e + . ~~ 



ee 4- 



2dd 2dd 

%me bbdd — zzmm 



for 



d 2dd 

2 zmd e z m e . n . , 

— - = — — , rejeding 2 </, aa 

2 # # a 

in Divifion. 



Hence the Equation is quadratic^ but it cannot be ambiguous^ 
becaufe both the Quantities e e -f- having the Sign +, the 

whole Side of the Equation muft be affirmative^ and confequently 
the other Side of the Equation muft be alfo affirmative^ other- 
wife an affirmative Quantity would be equal to a negative Quan- 
tity, which is abfurd. iSJow, 



Subftitution 



X 

' 7 ~T 



Then by Step 7th 



*5 

16 



Subftitute x = tH =. 2, by Art. 57. 
d 
then by 

c e -\- x e — 



bb d d — 2: zm m 



2dd 

, , xx bbdd — zzmm 
e e -f- x e -f- — — « 

4 2dd 

-|- 

4 

. x (bbdd — zzmm , xx 
e + — = x/ r — • h — 



2 £^ 



4 



*9 



fbbd d — zzmm . # a- 

'=v/ — + - 



%dd 



x 

% 



r=6 = BC. 

z m Ar de 



= 8 = AB. 



The fame ^uejlion done otherwife. 

Let A C z: ^ = 10, A B r tf, then by 47 <? 1, B C 
=5= v/ bbr-aa*, fuppofc <^ = 20> >z? = 8, 2 = 5, as before. 

Now 
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Now all the Sides of the Triangle being exprefTed in Symbols* 
and there being only one unknown Quantity, there is but one 
Equation required, which may be raifed from the Conditions of 
the Queftion, and thefe I fhall particularly exprefs to prevent 
any Difficulty to the Learner. 

Now | i [ #, is the Bafe A B, which is longer than 
the Perpendicular BC 3 or ^/ bb ■ — a a> therefore connecting 
y/ bb — aa to a by the Sign — , 

We have | 2 | a — \/b b — a a for the Difference 
between the Bafe and Perpendicular, which is to be multiplied 
by 20, or d y then 

We have | 3 \ da — dy/ bb — a a 
But this Produft is to be divided by 8, or m, then 

da — d y/ b b — a a j^l-^n *• * 
„ H , and this Quotient 

m (is to be equal to 5, or z. 

da-d y/T7^7^ _ ^ by the 

m (Queftion. 



We have 
Whence 



Becaufe the unknown Quantity is divided by m, therefore by 

Art. 47. 

5X/«| 6 I da — dy/ b b — a azzzm 

Becaufe the unknown Quantity is multiplied by d, therefore 
by Art. 48. 



-d\ 7 



— — zm 

a — \/ bb — a a rr 

d 



Now tranfpofe the Surd, becaufe it has the Sign — , the higheft 
Power of the unknown Quantity being Part of it. 



7 4- ^ bb — aa 

z m 
~d 



8 — 



tl n -Vs/bb- 
d 



yf b b — aa = a 



There bein* no Quantities on the fame Side of the Equation 
with the Surdt raife both Sides of the Equation to the fecond 
Power to take away the radical Sign. 

9 ®~ ^ 
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ii — 



9 ©- 2 

10 + aa 

zzmm 



dd 

12 — 2 



10 

jr 

12 



b b — a a zn a a 
izm a 



2 zma 



209 

zzmm 



2a a — 



2 aa — 



d 

izm a 



+ 



d 

zzmm 



dd 



dd 



= bb 



-bb 



13 a a — . 



zma 



it. 
2 



zzmm 

IT 

z zmm 
zdd 



-r- . . ,-i 1 ebb zzmm 

Here the Lquation is quadratic, but becaule — — - 

^ 22 dd y 

— ^0 — 2 = 48, a pofitive Quantity, it is not ambiguous. 

z m 
Now by Art. 57, fubfHtute — x = — _ = — 2. 



Then 



14* Q 



15 uu 2 



16 + 



H 


15 


16 


r 



£ £ zzmm 

aa — ##== — — —- 

2 idd 

, ATA" ## . bb 

a a — xaA zz — + — — 

442 



zzmm 
2dd 



/7 



# _ / * * 1 ^ zzmm 

2 ~~" 4 2 2*/</ 

* fxx_Tbb zzmm 

( = 8 = the Bafe AB, as before. 



Hence in the right-angled Triangle ABC, becaufe we have 
given the Hypothenufe AC, which is 10, and having now 
found the Bafe A B to be 8, therefore the Perpendicular EC 

n \S ico — 64 zz 6. 

Queftion 76. Tww Merchants, A and B, becoming Bankrupts^ 
owefuch Sums of Money, that if from the Number of Pounds A 
owes, we fubflracl the Square of the Number of Pounds B ozves, 
there remains 1900 Pounds : 

But if the Square of the Number of Pounds B oives, is multi- 
plied by the Number of Pounds & owes, the Producl is 8loaoooo 
Pounds, To find the Debt of each Merchant ? 



E e 



Let 
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Let a — the Money owed by A, e rz the Money owed by 
B, b ■=. 1900, d — 81000000. 



I + e e 
7.^7- e e 

3-4 
5 X e e 



a — e c — b 

a e e zz d 

a z=z b -\- e e 

e e 

tf <? -J- ~ — 
e e 

eeee-\-bee=.d 



r By the Queftion. 



Perhaps this Equation may appear new to the young Analyjl^ 
but by turning to Art. 56. he will find it to be a Quadratic 
Equation, for the unknown Quantity is only in two Terms, and 
in one of them its Power or Height is double its Power or 
Height in the other, for it is e e e e and e <f, therefore take b 
the Co-efficient of e *, the loweft Power of e in the prefent Cafe ; 
divide it by 2, fquare the Quotient, and add it to both Sides 
of the Equation, as before, thus, 



6c D 



J uuu 2 



9 wj 



7 



10 



I 



it x bb , . b b 

eeee-f-bee-f- — m a -f- — 

4 4 

Extracting trre fquare Root as ufual, 

e e -\ = 1/ d -\- — 

2 ' + 

Tranfpofing _ becaufe it is a known 

Quantity, 



f 1A _bb b 

e e . = y/ _d -f — : — — 
4 2 

Now extracting the fquare Root to 

deprefs e to the firft Power. 

* zr \/v/"-t : -~ 90 rounds, 

v v 4 2 

(the Money B owed. 



To extrad the Square Root of the Quantity <y d,+ — 

4 

< 1 , is only to place again the radical Sign before the fame 

/: "•':. ;'',:■: - Quantity, 
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Quantity, drawing it over the radical Sign already there, and 
the other Quantities without that Sign, if there are any ; for 
though thefe were not included in the firft Root, yet as they 
were afterwards tranfpofed to that Side of the Equation, and the 
Root is again required to be taken, they will now be included 
under the radical Sign of this fecond Extraction. 

Becaufe of the two radical Signs, I fhall fet down the Nume- 
rical Work, to make the Operation the plainer. 



d •=. 81000000 
bb 

= 9.02500 






819025^0 = 
81 


= i + -(9°5° = v/^ + - 
4 4 
b 

— 95°=—- 
2 




1805)9025 




9025 
O 


■ r bb 

8100 — »/^+ — : 
v 4 


__ b 
2 



and the fquare Root of 8100 

is 90 = v/ <y d i : -. 

4 2 

Then by the third Step a = b + ee 
= 1 0000 Pounds, the Money 
owed by A. 



The fame Queftion anfwered by exterminating the unknown 
Quantity e. 

By the Queftion, as 
before. 





1 




2 


I — e e 

3-* 


3 

4 


2 -~ a 


5 



a — e e 
a e e zz d 

a = b -j- e e 

e e zzl a — b 
d 



r \ 



e e ~ 



a 



Make the fourth and fifth Equations equal to one another, 
for each is equal to ee. 



\ 



4.5 
6 % a 



a < 



■ b = ± 



a 

a a — b a = d 
E e 2 



7< □ 
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7 ' D 

8 w) 2 



• + T 



10 



a a — ba-\- — — d -\- 

4 4 

^ = y/^4- — : + — = ioooo 

4 ^ 

(Pounds, as before. 



And by the fourth Step <? — y/ a — b, or by the fifth Step, 

e = v/ — = 90 Pounds, as before. 
a 

From hence the Learner may obferve, there are different 

Methods of anfwering the fame Queftion, and that fome are 

more elegant than others, as they give the Anfwer in more 

fimple or lefs complicated Terms : And in this Part of the 

Science he is to exercife himfelf according to his own Prudence 

2nd Judgment, and fome Meafure in Proportion as he under- 

ftands and conceives the general and univerfal Methods by 

which Queftions are anfwered ; it being only my Defign to 

illuftrate thefe by pertinent Examples, with fuch Solutions as 

arife in an obvious Manner from the Directions, that the 

Learner may acquire fome general Idea of the Nature and 

Excellency of Algebra. 

Queftion 75. Two Running Footmen, A and B, meeting on the 
Road, found, if the Number of Miles A had run was multiplied 
by 5, and fubjlracling from this Product the Square of the Miles 
run by B, there remained 1 00 : 

But if the Square of the Miles run by B, was multiplied by the 
Number of Miles run by A, and the Pro duel multiplied by 2, this 
Product was 8 0000. How many Miles had each P erf on run? 

Let a = the Number of Miles run by A, e = the Number 
©f Miles run by B, m zzz 5, x — ico, d = 2, b = 80000. 





1 




2 


J + e e 


3 


3-~m 


4 


~~- d e e 


5 



m a — 


• e e zz. x 1 


d a e e 


= b J 


in a = 


x -j- e e 


X 

a — 


-f- e e 



a zz 



dee 



4-5 
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4-5 

7 x dee 



7 1 * e + a* = 
8 



d e e e e -\-xdeemmb 



Here the Equation appears to be of the fame Kind with the 
laft, that is quadratic, but not ambiguous. Now by Art. 58. 



9 + d 



10 c D 



1 1 wj 2 



12 — 



10 



II 



12 



. mb 
eeee-\-xee ~ 



And compleating the Square as in the 
laft Queftion, 



**.* * -f- xe e "V : 

4 

, x /mb\xx 

ee + — =: v/ — - + — 



mb . xx 



/mb xx * 

** = V /__H : — — 

#42 



13 w 2 

2)400000 = w^ 

771 b 
200000 = 



1/ jhnb x xx 



x 

2 



2500 = 

4 



* • * , /»7 b , X X 

202500 (45O = \Z—r + — 

d 4 

ID — 50= 



85)425 

425 



4OO (20 = 



/ Jm b xx x - 

(Number of Miles run by B. 



Then by the fourth Step a ==^LZLif = 100, the Number 

m 

of Miles run by A. . 



This 



Hosted by G00gle 



214 



ALGEBRA. 



This Queftion, as the laft, may be refoJved in a more fimple 
Manner, if we exterminate the unknown Quantity e inftead of 
a y thus, 



1 -\- ee 
3 — * 


I 

2 

3 

4 


2 -T- da 


5 


4-5 


6 


6 x da 


7 



a — e e = x 7 By the Queftion, as 
a e e — b S before 



m a = x -\- e e 

e e -rz ma — x 

b 
e e = — 
da 

b 
ma — x = 

dm a a 



da 
d x a — b 



Dividing by dm the Co-efficient of a a, by Art* 58. 
*] -h- dm 



o I xa 

8 \ a a — — =. 



b r dx a 
for 



m dm dm m 

the d being rejected as in Divifion. 



Now — the Co-efficient of a being divided by 2, is — . 
m 2m 

For making 2 an improper Fraction by the Rule in common 

Arithmetic, is — : But by the Rule for Divifion of Vulgar 
1 

*y \ v f x x 

Fractions in Arithmetic — ) _ ( Now fquaring is 

1 / m \ — — 



2 m 



2 m 



is 



xx 



., and adding this to both Sides of the Equation, the 



\mm 
Square is compleated, by Art. 56. 



8 c D 


9 


9 ujj 2 


10 


I * 

io-j 

2?n 


11 



X X 



x a , xx b . 

aa> + = — + 

m ^mm dm 4 m m 

x /~b , xx 

a = V t~ + ' 

2 m dm \mm 



a zz. 



b , xx 

— i 

dm j^mm 



+ x 
= 100 

2 m 

(as before. 



Then by the fourth or fifth Step we (hall find e = 20, as 

before. p . 

Qj eft ion 
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Queftion 78. It is required to find two fuch Number s, that 
the greater being added to the Square of the lejfer, the Sum 
may be 19 : 

But if the greater is multiplied into the Square of the lejer> the 

Pro duel may be go. 

Let a = the greater Number, e = the leffer Number, 

s = 19, p = 90. 



1 — e e 

2 -r- * e 

3-4 
5 x e e 

6 ~\- e e e e 
7 — see 



a -{- e e n 

a e e = p 



> By the Queftion. 



a zz s — e e 

a = L 

e e 

P 

£- zz s — e e 

ee 

p — s e e — e e e e 

Tranfpofe e ee e to make it affirmative. 

e e e e -\- p zz s e e 
eeee — s e e -j- p zz O 
e e e e — see zz — p 



Here the Equation not only appears quadratic, the Powers 
of the unknown Quantity e, being the fame as in the two 
laft Queftions, but it is likewife ambiguous, for that Side of 
the Equation which is known is negative, viz. — p. 



9 C U 


10 


IO iw 2 


II 


"+? 


12 


12 wj 2 


13 



, s s s s 
eeee — s e e -\- — zz — • 



e e — — = ^/ — 
2 4 



-P 



e e zzz — + \/ — — P tne Equation 
2 4 

(being ambiguous, as above. 



That is, by reafon of the Ambiguity of the Equation, it may 



2 4 

2 



Let 
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Let us fuppofe e =: ^/ — -f. ^ _ — p 



s s 
90.25 = — 

4 
-90- =— P 



/r< 



4 

9 ' 5 = r 



10. = - + v / — _^ 

2 4 



10) 3.162 neareft = \/— + \/ — — /> c ^ e Value 
2 4 (of *. 

9 , 



61) 100 
61 



626) 3900 
375 6 



6322) 14400 
12644 

Then by the third Step a — s — e e = 9, if we take 10 for 
the Square of *, the fquare Root of 1 o being equal to e. 

By trying thefe Numbers according to the Conditions of the 
Queftion, we have 

a -f- e e = 19 

a e e = 90 taking 10 for the Square of ^, as above. 

But becaufe the Value of e is a Fraction which does not ter- 
minate, and therefore its exact Value cannot be found, let us 

try the other Root, viz. e zz ^/ — — \/ — — p 

2 4 



— 90. 



s 

2 
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. = 9.5 



s/ 



rr. 



-p = — .5 



-L — </ LL — />r=9- extracting the fquare Root of 9. we have 
2 4 



^/ i — ^/ — — p = 3, for the other Value of * exa£L 



Then by the third Step a zz s — e e r= 10. 
And trying thefe two Numbers by the Conditions of the 
Queftion, we have 

a -j- ee =z 19 1 As the Queftion requires, whence the two 
a e e zz. 90 J Numbers are 10 and 3. 

I have been particular in the Arithmetical Work of this 
Queftion, that the Learner may fee the Method of finding both 
the Values of the unknown Quantity, in any ambiguous quadratic 
Equation, when the unknown Quantity is to the fourth Power. 

But in this Queftion, if we exterminate e inftead of a y we 
(hall have a more fimple Solution. 



4- 3 

5 X a 

6 -\- a a 

j—p 

S-r-sa 



a -\- e e zr. s T By the Queftion as 
a s e = p 3 before. 
e e — s — a 



t - _ 

a 

p — s a — a a 

a a -\- p z=i s a 

a a zzi s a — p 

a a — s a = — p 



Here the Equation appears quadratls and ambiguous^ as before, 

s s 



9<r Q 



10 



•*a + — = * 

4 4 - 



Ff 



1© 
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iouju a 




" + 



Let us fiift fuppofe the Root to be 



4)361 = ss 

s s 

90.25=— 

4 



«—^=r — 90, 



.25 = ii — - p, but the fquare Root of .25 is .5 

4 



whence .5 rz v/— — /> 

4 

Then — = 95 
2 



/T 



-v/ 



-/> = — 0.5 



9. z= *, for one of the Roots of the am- 
Twuous Equation, and from this Root, or 'Value of tf, we fhall 
from the third, or fourth Step, find, that e is equal to the 
fquare Root of 10, as before ; but this being a furd Number, 
whofe Root cannot be exadly exuded, therefore find the ot her 

s _/ss 

Root, or Value of a, then wc have a == y ^/ p. 

2 4 

L = 9,5 

2 



4 , w 

10. = #, the other Root of the ambiguous 
Equation ; then by the third, or fourth Step, we fhall find e to 
be equal to the fquare Root of 9, which Is 3 ; and thefe two 
Numbers 10, and 3, anfwer the Conditions of the Queftion. 

It may not be improper in this Place to add, that if the 
Learner meets with any Queftions, where the Anfwers come, 

out 
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out in Decimal Fra&ions, he is not from thence to conclude 
they are not the true Anfwers, as ■ thefe are very frequent and 
common : But if the Equation is ambiguous, it will be proper 
to find the other Root, which may be free from Fra&ions ; 
and if this Root anfwers the Conditions of the Queftion, hp 
has then found the Anfwer compleat : But if the Queftion 
will not admit of fuch an Anfwer, he can then only approach 
to the true Anfwer in continuing his Fractions at Pleafure ; 
but hitherto I have endeavoured to avoid thefe Circumftances* 
as they only fatigue the Learner, and perplex his Mind, inftead 
of increafing his Judgment, or advancing his Knowledge in 
this Science. 



66. The Method of refolving £>ueftions y 
that contain three Equations ', and three 
unknown Quantities. 

TfIND the Value of one of the unknown Quantities , in one of 
*- the given Equations : 

For the fame unknown Quantity in the other two Equations^ 
write, or put this Value, which exterminates that unknown 
Quantity from thofe two Equations ; and reduces the Que/Hon 
to two Equations, and two unknown Quantities, which may he 
refolved as the foregoing Queftions, by Art. 55. that is, 

Find the Value of one of thefe two unknown Quantities, in 
each of thofe two Equations, and making thefe two Equations 
equal to one another, exterminates another unknown Quantity, 
for this Jaft Equation will have only one unknown Quantity, 
which being reduced by the Directions already given, will give 
the Value of that unknown Quantity in Numbers, from which 
it will be eafy to determine the Value of the other two. 

To help the Learner in his Choice which to exterminate, if 
one of the three, unknown Quantities is not multiplied, or 
divided by either of the other two, but thefe are multiplied, or 
divided by one another, then it will be eafieft to find the Value 
pf that unknown Quantity, which js not multiplied, Qr divided 
by the others* 

F f 2 Or 
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Or if one of the unknown Quantities fhould be to the firft 
Power only in all the three given Equations, and the other two 
are raifed to fome higher Power, then it may be eafieft to exter- 
minate the unknown Quantity, which is to the firft Power 
only. 

And if all the three unknown Quantities are only to the firft 
Power, and none of them are multiplied or divided by otie ano- 
ther, then if one of them has no Co-efficient but Unity, and 
the other two have Co-efficients, it may be eafieft to exter- 
minate that unknown Quantity, whofe Co-efficient is Unity. 

Thefe Directions may be of Ufe to the Learner, in affiftincr 
his Choice which unknown Quantity to exterminate, and a little 
Care and Attention will help his Judgment in this Part of the 
Science ; I (hall only juft mention, that if any particular Diffi- 
culties arife from the exterminating one unknown Quantity, it 
may not be improper to make an ElTay how the Work will 
proceed, from exterminating fome other unknown Quantity. 

Queftion 79. There are three Numbers whofe Sum is 18 : 
The firft being added to three times the fecond, from which Sum 
fubfir ailing twice the third, the Remainder is 9 : 

But if the firft is added to four times the third, from which 

Sum fubf.r ailing twice the fecond, the Remainder is 21. What 

ere the three Numbers ? 

Let a •=. the firft Number, e = the fecond Number, y rz the 
third Number, b = 18, m r= 9, p = 21. 



1 — y 

4 — ' 



aJ r e + y — 
a -\-4-y 



— 2 y — m > By 

— 2e — p J 



the Qiieftron, 



a °f- e = h — y 
a =: b —*y — >e 



Having found the Value of a in the firft Equation, in the 
room of a in the fecond and third Equations, put its Value 
b—y — e, thus. 



6 contracted 

7 contracted 



!Here the Queftion 
is reduced to two li- 
quations, and two un- 
known Quantities, 
fpr a is exterminated. 



h-y— e+y—y^ 



b — 3y+ 1e ~ m 

b + 3y~3t = P 



Now 
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Now find the Value of either y, or e 9 in each of thefe two 
laft Equations, and 3 y being in each Equation, find what that 
is equal to. 



b + 2 e — m + ^ y 
3 y zz: b -f- 2 e — m 

b + 3y = P + 3 e 

37 = P + 3 e — h 

P + 3 e — b zz b -\- 2 e — 'in 



Here we have an Equation with one unknown Quantity only, 
which is reduced in the common Manner, thus, 



8 + 37 


10 


10—772 


II 


9 + 3' 


12 


12 — b 


13 


II . 13 


H i 



14 — 2 e 

*5 + h 

16 —p 

■13-*- 3 

By the fifth Step 



*5 

16 

x 7 
18 

*9 



/> + £ — b = b ~ m 

p -\- e ~ 1 b — 772 

e zz 2 b — 772 — p = 6, then 






/> + 3< 



* = £■ 



3 

•7- 



=r 7, and 
= 5- 



Hence the three Numbers fought are 5. 6. and 7. 

PROOF. 

a -\~ e -\- y ~ 18 

^ + 3 ' — 2 7 = 9 
# + 47 — ' 2 * — 2r * 

Queftion 80. 77?r^ ^77, A, B, C, difcourfeng of their Shil- 
lings , founds that if twice, A 5 's Shillings was added to ns Shillings, 
and from thai Sum fubjlr acting Cs Shillings, there remains 1 5 ; 
• And if B's Shillings was added to three times C's Shillings, and 
from that Sum fubflr'atling PCs Shillings^ there remains 31 : 

But if fix times Pis Shillings was added to four times C's Shil- 
lings, and this Sum added to B's Shillings, the Sum was 97. 
How many Shillings had each Perfon ? . 

Let a = the Number of Shillings of A, e = thofe of B, and 
y — thofe of C, b ~ 15, d zz 31, 772 zz 97. 

II I 2 a + e — y= b 1 
2 1^+3^ — a zz d r By the Queftion. 
3 I 6 a + 4 y + e = m * 

Becaufe 
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Becaufe <f has no Co-efficient but Unity, begin with finding 
the Value of e, as being the moft fimple. 



2 a -f- e — b -\- J 
e ~ b -\- y — 2 a 



i +y\ 4 

4 — 2^| 5 

Now in the fecond and third Equations, in the room of <?, 
put its Value, or b -\- y — 2 a, as in the laft Queftion. 

2.5I 6 |^+^ — 2 tf -{- 3 _y — a — d 
3. 5| 7 | £ + .y — 2a-\-6a-\~4y = m 

Here the Queftion is reduced to two Equations, and two, 
unknown Quantities, e being exterminated, and therefore pro- 
ceeding, as in the laft Queftion, 

6 contracted I 8 

7 contracted J 9 

Now find the Value of either of the unknown Quantities in 
both thefe Equations : To find the Value of y y 

10 



b + 4-y — 3a = d 
4^ + Sy -\- b = m 



8 + 3* 
10 — b 

11-*- 4 

9 -b 

13 — 4 « 

14^-5 

12 . 15 



11 

12 

13 
14 

15 

16 



^ + 4.7 = ^+3* 
\yzzd + 3a — b 

4 
4* + 537 = »*.— * 

$y •=. m — b — 4# 

__ m- — b — 4 a 



J+3 a .— ' 



m- 



-b — 4-a 



4 5 

Here we have an Equation with only the unknown Quantity a. 

, _ 4 #* — \b — 16 a 



16 X 4 

17x5 
18+ 16* 

19 + 5^ 

20 — 5^ 

21 ~- 31 



*7 

18 

19 
20 
21 

22 



^+3* — ^ = 

5 

Sd+2 Ia — 5^ = 4^ — 4-b 
5d-\-3 la =4-m + & 
3ia = 4.m -\-b — 5 d 

a = 4^ + ^ — 5^ - 



3* 



8, then 



By 
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, = £+H^=io,and 

4 
* zz £-f->> — 2 <z = 9 



By the 12th Step 
By the fifth Step 



23 
24 



PROOF. 



2 a + * —j zr 15 
' + 3^ — ^= 3i 
6* + 4.y + ' = 97 

I have done thefe two Queftions without putting Letters for 
the given Numbers, it being more eafy and familiar ; but now 
to do the laft univerfally, let us put Letters for the Numbers 
2.3.6 and 4 which are given in the Queftion, and comparing 
the former Operation with the following, may render it more 
eafy ; but if the Learner finds this too perplexing, he may 
neglect it, and proceed to the next. 

Let a . e and y be the three unknown Numbers as before, 
and x = 2, * — 3> s = 6 > P = +» then > 



x a -\-i — y ~b 1 

e-{- zy — a = d > By the Queftion, 

sa 4- py 4- e zz mj 



Becaufe e has no fpecious Co-efHcient in either of the given 
Equations, find the Value of e. 



i + y I 4 

4 — x a J s 



x a -f- e zz b -f- y 
e = b -f- y — x a 



Now in the fecond and third Equations, in the room of e put 
its Value, or b -}- y — x a> 



6 I b -j-y — xa-\-zy — a = d 

7 \sa-{-py-{-b-\~y — x a zz m 



Here the Queftion is reduced to two Equations, and two 
unknown Quantities, e being exterminated ; but becaufe ©f the 
fpecious Co-efficients we cannot contract them as before : Now 
find the Value of y, in both thefe Equations. 

2 6 + 4 
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6 -f * 
8 -{- x a 

9 — b 

IO-r-Z-|- 

7 4* x a 

12 Z> 

13 — ** 

II . 15 

I6XZ-J-I 
17x^+1 



A L G E B RA. 

8 b +y — xa + zy = d+a 
b + y + xy—d + dJ^x.a 
z y+y=d + a + xa — B. 

the LxO- efficients of j> belncr 



* * +^ +JF = m + * * _ b 
Py+y = m + xa — b — sa 
___ m~\-xa — b — sa, ^ 
^ ~~ —— the Co-efficients of y beioo 1. 



^-f^-f^-— £ _ ^-f-^ _£_ 



- sa 



,y 1 T - — — an Equation 

(with only the unknown Quantiy #. 

>+ l 
pd + pa+pxa — pb +d-\-a-l r xa — b=zm 
* -\-zx a — zb — zs a-\- m -\- x a — b — sa 

The Learner may think thefe Multiplications difcourao-ino-, 
though perhaps they are not fo perplexing as he may imagine, 

for at the feventeenth Step where m\- x a — b s a is x z -4- 1 

put down the Producl of it by z firft, which is z m + z xa 

— zb — zsa, after which he need only writer -f- x a b sa 

the next Part of the Multiplier being Unity ; or, if it had been 
another Letter, it had been no more than repeating the Multi- 
plicand, with the multiplying Letter joined to each of its Quan- 
tities, placing them one .after another, taking due Care of the 
Signs by the Rules for Multiplication. 

In the fame Manner he will find the eighteenth Step multi- 
plied, and a little Attention will familiarize the Operation ; but 
if there is any Difficulty in multiplying thefe compound Quan- 
tities, the Learner may fet them down one under the other, and 
multiply them in the ufuai Manner. 



18 — xa 

i 9 + b 



l 9\P dJ rpa+pxa—pb-\-d-\-a—b-zm+zxa 
— zb — %sa-\-m — b — sa 

10 \p dj rP a + pxa—pt> + d-j-a = zm+zxa — zb 
I — z s a -J- m — sa 



Now tranfpofe all the unknown Quantities to one Side of 
the Equation, and all the known ones to the other Side of the 
Equation. 

20 — 
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20 — z x a 

21 + % s a 
22 -\- -s a 
23— pd 
H+pb 

25 — d 

26-- 



Then by nth Step 
And by 5th Step 
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21 p d -\- p a -\-p xa—pb-\-d-\~a — zxa 
=. zm — zb — zs a -|- m — s a 

22 pd-\-p a-\-pxa — pb +^+ a + z sa 

— z x a zzzm* — zb -\- m — s a 
2 3 pd-±-pa~\-p x a — •p b ~f- d-\-a -\-zsa 

— z x a -\- s a = zm — zb -\~ m 

24 pa-\-pxa — pb -\- d \~a-\-zsa — zxa 
-\- s a — zm — zb -f- m — p d 

25 p a-\~p xa -\- d-\-a-{- zs a — zxa-\-sa 
~zm~~zb -f- m — p d-{- p b 

26 p a ~\- p xa + a -f- % s a — z x a -f- s a 

— zm — zb -f- m — p d -J- pb — d 

_zm — zb-\-m — pd-]-pb — d Q 

a "— .. ... ~ o 9 

P~\-p x + 1 + Z - J — 2 •*• + *■ 
the Divifor is the Co -efficients of #> 
connected by their Signs. 

d 4- a 4- x a — b 

y — — ! ; = 10 



27 



25 

29 



z -\- I 



Queftion 8r. There are three Travellers ', A, B, C, who have 
travelled in all 62 Miles : 

But if the Miles A travelled is multiplied by 2, and added 
to the Miles B travelled multiplied by 3, this Sum is equal to the 
Miles C travelled multiplied by 17 : 

y/tfi if 4 riffi« r£<? A///*j C travelled, is added to the Miles 
B travelled multiplied by 2, this Sum is equal to the Miles tra- 
velled by A. To find the Miles each travelled? 

Let a = the Miles travelled by A, e =: the Miles travelled 

by B, y = the Miles travelled by C ; p = 62, b — 2^ d zz ^ 
m =17, a* = 4, and 2 being in the Queftion before, put no 
new Letter for it. 



a + e 4- y z= p 
b a -{- d e ~ my 
x y -\- b e — a 



By the Que lion. 



Becaufe a feems to be in as fimple Terms as any in the three 
given Equations, and having its Value already by the third Equa- 
tion, therefore for a in the fir ft and fecond Equation write its 
Value xy -\-be at the third Equation, which exterminates a. 

G S l • 3 
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xy + be + e-\ yzzz p 
bxy-{-bbe-\-dezzzmy 



Here the Queftion is reduced to two Equations, and two un r 
known Quantities, then proceed, as before, to find the Value 
of either j> or e y in each of thefe Equations, as fuppofej. 



4 — b e 
6 — e 

S—bxy 

9 -r- 171 b X 

8 . 10 
11 xm — x b 

12XX+ I 
13 — x b b £ 



14-f mbe 

15 -\-mc 

16 — b x e 

17 — 



By Step 7 

8> or 10. S 

By Step 3. 



P 



xy -\- e -\-y zz p — be 
xy-{-y zz p — be — e 



-be — e 



the Co- efficients of v being x -J- 1, 
* + i 
my — bxy = b b e -f- ^* 

j — Hi — the Co-efficients ofy being m — bx % 

m^rr-bx 

b b e -I- */ * * — b e — e t- • • t 1 

zzz~ an Equation with only 

m bx x 4- 1 £ one unknown Quantity, 

,, 1 , /#/> — mbe — me — pbx-\-bb xe-\-bxe 

e - __ 

xbb e-\-xde-\-b b e-\-d ezz?np — mb e — me — p bx 

-{- bb x e -\-bx e 
xde-^bb e-\-de = mp* — mbe-*— me — p b xJ^bxe 
Now bring the Terms that have the unknown 

Quantity, to one Side of the Equation. 
xde-\-bbe-\-de-\-tnbe -rz mp — me — pb x+b xe 
x de-\-bb e -\-de-\-mb t-\-pi e—mp—pbx+bxe 
x d e-\-bbe-\- de-\-mbe-\-me — bx ezzrnp — pb x 
mp — pbx ___ 

xd-\-bb-\-d^\-mb^m — b x 
Divifor is the Co- efficients of e> connected by 
their Signs. 



e = 



J = 7 
a s= 46 



Queftion 82. Three Men, A, B, C, difctyrfing of theif Shil- 
lings^ found, that A's Shi/lings added to C's Shillings, the Sum 
was double B's Shillings : 

And A's Shillings added to three times B's Shillings, from which 
Sum JubJ't } ratling C's Shillings, there remained 13 Shillings : 

But if A's Shillings was added to the Produtt of B's and Cs 
Shi /lings, the Su?n was 34* How many Shillings fead §ac,b 
Per [on ? 

Ut 
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Let a ~ A's Shillings, e = B's Shillings, j = G's Shillings' 
* = 13, dzz 34. 



2 .4 

3-4 

5 contra&ed 



a -}- *^ = </ J 



By the Quefiion* 



a — ie — y 

A Here the Queftion is 

, f reduced to two Equations 

2e — yl-3* - ^^and two unknown Quan- 

i e — y -\-eyz=.d \ titie*, a being extermi- 

J n-ated. 

Now find the Value of *, Or y, in the fixth and feventh 

Equations, fuppofe e. 



6+y 
8 + 2 +y 

5 



10 



11 



12x2+ .y 
13x5 



8 

9 

10 

11 
12 



2* + ')' := ^+^ 
2+j 

5 

t±JJ = £i: 4 an Equation with 
S 2 + ^ on iy one unknown 

Quantity, 

2^-f 4r + ^ + 2 ^ -^-f v 

14 I 2b + iy + l>y + *yy = S d + Sy 

Now bring all the Quantities that have y, to one Side of the 
Equation, 

14 — sy\ x 5 I 2h ~~ y + by + ^yy- s* 

15 — 2^1 \b\2yy + by—y~ $d—2b 

Here the Equation appears quadratic^ the unknown Quantity 
being to the fecond and firft Power only, but is not ambiguous, 
5 d being greater than 2 b ; then by Art. 58, divide by th* 
Co- efficient of yy. 



16-7-2 17 m + 



by—y _ $d — 2I 



2 

G g 2 



The 
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The Work being now prepared for completing the Square, 
becaufe the Co-efficient of , is L=± 9 to avoid the Trouble of 
dividing this Fraaion by 2, and fquaring the Quotient, fub- 
flitute by Art. 57. x = b ~ l — 6. 



Then 

lie n 

19 wj 2 

x 

20 — _ 



By the 9th, or 7 

inh Steps j 

By the 4th Step 



*9 
20 
21 

22 
23 



yy+xy = lLz±± 

2 

yy + X y + X -f = 5d—2b + xx 



y + JL = ys*-*> 



+ *-f 



4 
x 



2 A. 2 



(C's Shillings. 



e = 5, B's Shillings. 
a = 4, A's Shillings 



Queftion 83. f/;w young Gentlemen, A, B, C, having been 
at the Gamingtables , /*?« comparing their Loffes, found, that if 
from twice the Pounds A /*/?, «w fubjlraffed the Pounds B M, 
/A*r* remained the Pounds C /^/? : 

^W //W /fo Pounds A /*/?, tfi^W /* the Pounds B /*/?, *«</ 
this Sum added to twice the Pounds C lofi, the Sum was 19 
Pounds 

But if to the Produa of Ks and C's Lofs, there is added B's 
Lojs, the Sum is 26 Pounds. How much did each Perfon lofe ? 

Let a = A's Lofs, e = B's Lofs, y = C's Lofs, </ = in, 

£ — 26. ' ' . 7 v 



2 # — £• r= 

ay -^ e 



=y ? 

- 2y — d SBy th 



e Queftion. 



Becaufe * feems to be in the moft fimple Terms, therefore 

find its Value. 



1 + e 

\—y 



4 
5 



2 * = y -f ^ 
e =z 2 a — y 



2-5 



Hosted by Google 



The Method of refolving Queftions, &c. 229 

"■* The Queftion is here 

, 1 1 I reduced to two Equa- 

tf+2tf y^riy — a Ltions and two unknown 
ay-\-7.a yZlh (Quantities, for e is cx- 



2. 5 

3-5 
6 contracted 



J terminated. 



3 a+yzzd 
Find the Value of *, orj, in the feventh and eighth Equations, 



7 — , 2 * 
9-~tf — 1 

? — 3* 
10 . 1 1 

nXfl — 1 



9 


10 


11 


12 


13 



b — 2 tf 

y = T 

a — 1 

y - d—ia 
b — 2 a , 

a — I 

b — 2a zz da 



3 aa ~-d+3> 



Now brinp all the Quantities that have a on one Side of the 
Equation, obferving to have the higheft Power of a affirmative. 



13 + 30* 

14 — 3* 
IS— da 

16 — b 



16 
17 



%aa-\- b — la-zzda — d-\- 3 a 
yaa -\- b — 5 a = da — d 
2 a a + b — 5 a — d a = — d 
3a a — 5 tf — da zz — d — b 



Here the Equation appears both quadratic and ambiguous, for 
the unknown Quantity is to the fecond and firft Power only, 
and it is ambiguous* becaufe — d — b the Side of the Equation 
which is known, is negative ; dividing by the Co-efficient of 
sia, as in the laft Queftion, 



17-^3 



a a- 



5 a — da 

3 ~~ 



The Work being now prepared for compleating the Square, 
x zz ^ = _ 8 the Co-efficients of a, as 



fubftitute 

in the laft Example. 

Then 19 

I % C U I 20 



x a zz 



— d — b 



, XX — */ — £ 
tftf — xa -\ ■ ■ 

4 3 



+ 11 

4 

19 lUi 
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19 ud'2 


21 


20 -f- — 
2 


22 



•<i £ , AT ^ 

h — 

3 4 



* — - = v- 
2 

•* j_ / — d — b xx 

2 34 

(± 1 = 3> or 5> 

For the Pra&ice of the Learner, Jet us fuppofe <2 = 3 
Then by the tenth, oj* eleventh Steps - y zz 10 
And by the fifth Step - - <?zi6 — id 

— — 4, which is an Impoflibility* that e an affirmative Quan- 
tity, can be equal to a negative 4. 

Now let us fuppofe - - a zz 5 

Then by the tenth, or eleventh Steps yz± 4 

And by the fifth Step - - - - e zz 6 
Then 2 a — e ~ y 

a-\-e-\-2y=i<) 
a y -}- e zzz 26 
And thefe three Numbers anfwering the Conditions of the 
Queftion, are the true Numbers fought ; from hence the young 
Analyjl may obferve, that in quadratic ambiguous Equations, if 
one of the Roots of the unknown Quantity does not anfwer the 
Conditions of the Queftion, he fhould find the other Root, and 
try that, before he concludes his Work erroneous. 

I fhall now (how the Learner the excellent Method of 
refolving all Equations, be their Powers never fo high, by thV 
tiniverfal Method of Converging Series. 



67. The Refolution of AdfeEied Equations *> 
by the univerfal Method of Converging 
Series, 

CASE 1. 
Ex. 1. QUPPOSE there was given a a a + a = 9282, to 

Then fuppofe, or imagine a to be - * .2© 

Confequentiy the Cube of a, or a a a^ is - 8000 

Thefe being added together, be'caufe it is a a a + a 1 % 020 
in the given Equation, the Sum is - - ■ J 

2 Heme 
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Hence a muft be more than 20, for if that had been the true 
Root, the Cube of 20 added to its firft Power, or 20, muft 
have been equal to 9282 the given Number, for thefe are the 
fame Powers of a as in the given Equation ; but that Sum being 
only 8020, which being lefs than 9282, the Value of a muft 
be more than 20. To find how much that is ? 

Let r zz 20, and for what 20 wants of the true Number or 
Root, put e : 

Then will r -f- e ~ rf, or the true Root of the Equation, 
hence by determining what e is, we find the Number that is to 
be added to r or 20, which Sum will be the Root of the given 
adfe£ted Equation, to do which, put down, 
I 1 J r + e = a 

Now raife this Equation to the third Power, becaufe we have 
a a in the given Equation. 

I ©- 3 i 2 i rrr+3Vr*-f ^ree+eeezzaaa 

Add the firft and fecond Equations together, becaufe in the 
given Equation it is # a a + #• 



I -f- 2 

it is 4 
3-4 5 



5 in Numbers 

That is 7 
7 — 8020 8 



7 -r-6o 



9 -^ 20,016 -f # 10 



for the Reafon of adding the 
Quotient Figure, or I, to the 
'Divifor, fee Article 6S ? jjn use 
&ext Page, 



rrr+yre^yet+eee+r+e zzaaa + a 

But from the given Equation 

aaa -f- a = 9282 

rrr -f yre + yee -f ***+r -f-*:r 928a 

each Equation being equal to ###-{-#. 
Putting this Equation into Numbers, 

and rejecting the Powers of e above ee. 
8ooo-|-i20Q*+6o^+ 2 o+* =r 9282 
8020 -{- 1201 e -j- 60 ee zz 9282 
1 201 e -f- 60 e e = 1262 
Divide by the Co-efficient of *» <?, and 

we have, 

20.0 1 6 * -f" e e = 2 1 .0333 <?rf infinitum, 
Dividing by 20.01 6 ^- «?, that is, by the 
Co-efficient of e plus e^ and we have, 
21 Q3333 
20.016 -f-(? 

In Numbers thus : 

20.016)21.0333(1=? 
1 
21016 



e zz 



21.016 



j 7 the Remainder 
(being very fmall reje<ft it. 
By 
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By this it appears that e zr i, that is, i is to be added to the 
firft fuppofed Number 20, which Sum is to be the Value of a, 
or the Root of the given adfected Equation. 

We affumed r zr 20 
And found e == i 



r -{- e zz: 21 zzz a 



To try whether 21 is. the true Root, raife it to the feveral 
Powers of a in the given Equation. 



a 
a 


= 21 

= 21 


21 

42 


a a z 

a - 


= 44* 

= 21 


441 
882 


a a -.zz 
a =: 


9261 
21 



Then a a a -\- a zz 9282, which being the fame with the 
Number in the given Equation, it appears thattf zz 21. 

68. By reviewing the Operation, the Learner may obferve, 
Firft, That we fuppofed a Number for the true Root, which 
upon Trial was found lefs than the true Root. 

Secondly, For that Deficiency or Want, we put *, or any 
other Letter. 

Thirdly, By connecting r zz: the Number firft fuppofed to be 
the Root, with e by the Sign -\-, we have r -f- e for the true Root, 
r beino- a known Quantity, and e the unknown Quantity. 

Fourthly, We raife r -\- e to the feveral Powers of the un- 
known Quantity, that are in the given adfected Equation. 

Fifthly , Then we add thefe feveral Equations together, re- 
jecting all the Powers of e, or of the unknown Quantity above 
the Square, for in the given Equation all the Powers of the 
unknown Quantity have the Sign -f, but when any of thefe 
have the Sign — , then their refpeclive Equations muft be 
fubjlrafied) as at Step 5, Example 3, Page 238. 

Sixthly, By thefe Means we have an Equation in the Terms 
* of r and e, equal to the given Equation. 

Seventhly j 
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Seventhly i This Equation is put into Numbers, r being a 
known Quantity, and the lefs abfolute Number is tranfpofed to 
the Side of the Equation of the greater abfolute Number, and 
fubftra&ed from it. 

Eighthly, Afcer this, the Equation is divided by the Co- 
efficient of the Square of e, or the unknown Quantity. 

Ninthly, This laft Equation is divided by the Co-efficient of 
e plus e, which leaves e on one Side of the Equation by itfelf. 

Tenthly, In the Arithmetical Work, becaufe the laft Divifor 
confifts of a Number plus e, therefore, as the Quotient Figure 
is found, it is added to the Divifor to make it compleat ; and 
if the numerical Operation had been continued to more Places 
of Figures in the Quotient, then the Quotient Figure muft be 
twice added, once when it is found, and once at the next Step 
in the Divifion, as in the next Page. 

Eleventhly,. The Quotient thus found being the Value of e % 
or the unknown Quantity, it is added to the Number firft fup- 
pofed to be the Root of the Equation, which is reprefented by r, 
and this Sum is fuppofed to be the Root required. 

This Operation to find e is the fame as the common Method 
of finding the unknown Quantity, till we come to, the tenth 
Step, where the unknown Quantity making Part of the Divifor, 
it is carried to the other Side of the Equation, and the Divifor 
being a known Number -+- e, the Quotient as it is found is 
added to the Divifor, to make it compleat, as before-mentioned. 

But if this Number fhould not be the true Root, the Opera- 
tion muft be repeated, making the Number thus found = r, 
and at the fecond Operation, the Work in any common Cafe 
will be fufficiently exa£t : And from the Repetition of the Ope- 
ration, whereby we approach nearer and nearer to the true Root, 
this Method is called the Method of Converging Series , or of 
Approximation. 

Example 2. Suppofe aaa-\- a a -f- # ^ 4*997 &$0, to find a< 

Suppofe a to be - «• - 30Q 

Then the Cube of a, or a a ah - - 2700000Q 

And the Square of a, or a a is * - 90000 

Thefe being added, becaufe it is a a n-\-a a*{- a 1 
in the given Equation, the Sum is - - J < > ^"^ $ 

But 42997850, the given Number, is greater than 27990300* 
therefore the Root muft be more than 30Q, 

Hb Now 
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Now let r — 300, and 
Root. 



Q E B R A. 

e = what- 300 wanta of the true. 



Then 
1 ©-3 

1 ©- 2 
* + 2 + 3 

But 

4-5 

6 in Numbers 

That is 

8 — 27090300 

9-+-901 

J3-^3°o-334+^ 



8 

9 
10 



n 



rrr^ $rn> + yee I According to Parti- 

-\-eeez=:aaa f cular 4, Art. 68* 
rr-\-2re-\-ee-=zaa J 
r-\-e-\-rrr+yrre-\. yee+rr + ire + ^ 
. —4aa-\-aa-\-a, by Particulars 5 

and 6, Art. 68. 
. aaa^- a * + = 42997850, from the 

given, Equation. 
< r +* + rrr + 3rr*-\-3ree+rr+2r^ 

-\-eezz 42997850 
300+^+270000004-270000^+900^ 

+ 900oo + 6oc^ + ^zz 42997850 
2709030© + 2,70601^+90 j^3T4?99785g 
270601 * + 901 * * zz 15907550 
300.334* + ** zz 17655.43 from 

Particular 8, Art. 68. 
p _ 17655.43 



300.334 +e 



from Particular 9, 
(Art. 68. 



300.334) 17655.43 (50.34 = e 9 the firft Figure being 



Divifor 350.334 
50.3 



Divifor 400.634 
•34- 



Divifor 400.974 



1-751670 

1387300 
1201902 

1853980 
1603896 

250084 



in the Place of Tens, place the. 
5 under the Place of Tens in 
the Divifor ; and this the 
Reader is to obferve, to place 
the Quotient Figures he adds 
to the Divifor, und^r thofe of 
the fame Denomination. 



*V= 300 
e = 50.34 



r + t = 350-34 =3 a, hence I fuppofe the Root of the given 
Eq«jation is 3-50.34 but" to try it, raife 350.34 to the fever al 
Powers of a in the given, Eqnation. 



w=z 
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m 



« = 350-34 
azz 350.34 

140136 
105102 
175170b 
105102 



# # = 122738.115b 
* — 350-34 
4909524624 
3682143468 
61369057800 
3682143468 

""777*= 43000071.419304 

a a = « 122738. 1156 
* = . 35<M4 



Then *<** + ** + * = 43 12 3 I 59- 8 749°4 whi ch being 
greater than 42997850, the Root cannot be fo much as 350.34. 
and this leads us to explain the Method of finding the true Root, 
when the Number afliimed is greater than the Root required, or, 

CASE %. 

Let us take the lad Example^ viz. a aa-\-aa -f £=42997850. 

And fuppofe the Root to be 350 34 which we know is too 
much by the laft Operation : 

Now put * = the Number to be fubftra&ed from 350.34 

fuppofing r = 35O.34 and to r connecting * by the Sign — , 

we have, 

r — e = a, or. the true Root ) j> v p t -_ 

r r r — ^ r r e4- 3 r e e — e e e \ * , 

s l ° f cular 4. 

= «*« V Art. 68. 



l ©-3 
1 ©- 2 



Now collect thefe three Equations by Art. 68, Particulars 5 
and 6, and rejecting e e e 9 we have, 

j ±2^. 3 4 I r — e*\-rrr-~-'$rre-\-l > ree-\-rr — ire 
-f- ? e ZZ.Q a a -|- a a -f- a 
But 5 aaa\- $a-\-a ■=. 42997850, from the 
given Equation. 
4.5 6 r — t-\-rrr — 3rre-\~2rte~\-rr->-VLre 
I 4-^ = 42997850 

H h 2 6 in 
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i Num. 


7 


That is 


8 


8 — 


9 


9 + 


10 


10 — 


ii 


II -r- 


12 


J2 -r- 


^3 



A L G E% RA. 

350.34— ^+43000071.42— 368214.3468* 
+ 1051.02^-1-122738.1156 — 700.68* 

+ ee— 42997850 
43123159.8756 — 368916.0268*4-1052.02** 

= 42997850 
Now tranfpofe 42997850, it being Iefs than 

43i23i59*87 6 5 
125309.8756 — 368916 0268*4-1052,02 * e 

= o, for one Side of the Equation being 
fubftra&ed from the other Side, the Re- 
mainder muft be nothing, as both Sides of 
the Equation are equal. Now tranfpofe 
- the feveral Quantities which contain * to 

the other Side of the Equation. 
125309.8756 + 1052.02** ~ 36891 6.0268 8 
368916.0268 * — 1052.02**— 125309.8756 
Here dividing by the Co-efficient of ** as 

before, 
350.673* — **= 1191135 
But now divide by the Go- efficient of c 
minus e. 

, _ ii9H3$, 



350.673—* 



In Numbers : 



350.673) 1 19. 1 1.35 (.34 

— -3 



Divifor 350.373 1051119 
— -34 



1400160 



Divifor 350.033 1400132 

Having thus determined * to be .34 Tt muft now be fubftrafled 
from r, becaufe it was affumed r — * = the true Root. 

But r was fuppofed_== 350.34 
— *, which we have found = .34 



Hence r — c zz 350.— a> the Root of the given 

adfecled 
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a&fefted Equation, which is proved by raifing 350. to the fcvera* 
Powers of a in the given Equation, 

Thus, a a a n 42875000 
a a "zz 122500 



Confequently a a a-\- a a -\~ a zz 42997850 which being the 
fame Number as in the given Equation, it fliows that a is 
exactly equal to 350. 

In the above Operation, at the thirteenth Step, the Learner may 
obferve, that the Divifor is 350.673 — e, therefore here, as the 
Quotient Figure is found, we fubftratt it from the Part of the 
Divifor 350.673 to have the Divilor compleat, which is lilcewife 
done twice* once before the Diviiion is made at that Figure, 
and once afterwards : But in the firft Cafe, when r is aflumed 
too little, then the Quotient Figure is added, as at Particular io 9 
Art. 68. the Sign then being contrary to what it is now. 

The Learner may further obferve, that by this fecond Ope- 
ration, we have found the true Rooty whereas by the firft Ope- 
ration it was .34 too much, and therefore if the true Root does 
not come out at the firft Operation, make a fecond Operation, 
fuppofing the Number found at the firft Operation to be r, and 
call it r -j- * , or r — <?, for the true Root as the Occafion requires, 
that is, as the Number at the firft Operation is either greater or 
lefler than the true Root ; which fecond Operation will give the 
true Root very near, and near enough for any common Cafe, 
though if the Arithmetical Divifions were continued, as they 
will not terminate, do not give the true Root exactly, as ia 
the Divifion of thofe Decimal Fractions which never termi- 
nate ; in fuch Divifions we leave off when the Quotient is to 
a fufficient Degree of Exactnefs, fo the fame is done here 
when we are near enough the Truth ; and in common Cafes* 
two or three Places of Decimal Fractions are fufficient, and 
according as they happen the true Root is fometimes found ; 
and in general, continue the Divifion, at the fecond Opera- 
tion^ to as many Places of Decimal Fractions as are in the 
Number found in the firft Operation : And after the Number 
found at the fecond Operation is added to, or fubftracted from 
the Number found at. the firft Operation, if there is a very 
fmall Fraction you may reject it > but if the Fraction fhould 
be very near an Unity then take 1 for it, which add to the 
Integers, and try whether the whole Number thus found is not 
the true Root, In Arithmetical Queftions, whofe Anfwers are 

often 
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often in whole Numbers, this Caution may help the Learner 
to chufe the true Root exactly. 

The Reafon why this Method does not abfoluiely eive the true 
Root is the arbitrary reje&ing all the Powers of e above e e. 

Example 3. Admit aaa-+*ad-\- a = 465 26760, to find a. 

Now fuppofe a zr 400. 

Then aaa is - 64000000 

And aa is 160000, which muft bzfubftrafiedl , 
becaufe it is — a a in the given Equation - j 1 00000 



To which adding a, or 400, it being -f- tf in \ 
the given Equation j 

Hence aaa* — a a -\- a is ♦ - 



63840000 > 
400 

63840400 



Hence 


1 


I ©- 3 


2 


1 ©- 2 


3 



Which exceeding 46526760 the Number in the given Equa- 
tion, a muft be lefs than 400. 

Then let r zz 400, e = the Number that 40b is too much* 
which being the fecond Cafe, Page 235. 



r — e =: a 

r r r — 3 rre-\-^ree^-^eeezz aaa 

r r — 2re-\-eez=aa 



Becaufe in the given Equation the Quantities aaa and a are 
affirmative, therefore add the firft and fecond Equations together* 

1 -f- 2 I 4 j r — e-\-rrr — tyre+yee—^eeez^aaa+a 

"Becaufe in the given Equation it is •— *z a, therefore fubjlraft 
the third Equation from the fourth, or Sum of the firft and fecond 
Equations. And here the Reader is to obferve, that if in the 
given adfecled Equation, any Powers of the unknown Quantity 
have the Sign — , the Equation which arifes from involving 
y e to fuch Powers, is tobe/«^?r*#*rfinftead of being added. 

r — e-\-rr r— %r r e^-^r e e — e ee — rr 
-j- 2 r e — e e zz a a a — a a -\- a 

aaa — a a -j- a zz 46526760, by the 
given Equation. 

r — e -\-rr r — 3 r r *-f"3 r e e — e e e — r r 
~\~2re-~-£ezz 46526769 

Putting 



4—3 


5 


But 


6 


5-6 


7 
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Putting this Equation in Numbers, and reje&ing all the 
Powers of e above e e. 



400 — e -J- 64000000 — 480000* + 

1200*?* — 160000 + 800 * — • ** = 

46526760 
63840400 + 1 199 e e — 479201 e = 

46526760 
Tranfpofe 46526760 it being lefs than 

63840400 
173136404- 1199^ — 479201 e •=• o 
Now tranfpofe the Quantities that have 

*, to the other Side of the Equation* 
479201 ezn 17313640 + 1199'** 
479201 e — 1199** = 17313640 
Dividing by the Co-efficient of et y „ 
399.66* — ee == 14440.06 
Now dividing by the Co-efficient of e 

minus e. 

___ 1444006 

"" 399.66 — * 



7 in Numbers 


8 


8 contra&ed 


9 


9^ 


10 


10 + 


11 


u — 


. 12 


J2 -=- 


*3 


*3^ 


H 



In Numbers thus : 

399.66) 14440.06 (40.16: 
— 40. 



©ivifor 359.66 143864 
— 40.1 ' . 



BKvifor 319.56 
— .16 



Divifor 319.40 



53660 
3*956 

217040 
1 9 1 640 

254-9°' 



Now r zz 400 

— e zr 40,16 
r_.* — 359.84=- «, and to try if this is the true Root, 
wife it Jo the feveral Powers of a 9 in the, given Equation. 

a r= 
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a- 359.84 
a- 35^84 




H3936 
287872 
323856 
179920 
107952 




a a zz 129484 8256 
* = 359*84 




5*?9393 02 4 
10358786048 
1 1653634304 
6474241280 
3884544768 


a aa - 
— aa 


= 46593819.643904 
= 129484.8256 


Remai 
+ a 


ns 46464334.818304 
= 359-84 



Sum, oraaa— a a + a = 46464694.658304 which being 
lefs than 46526760 the Number in the given Equation, the 
Root or a muft be more than 359.84. 

Therefore, for a fecond Operation, fuppofe r == 359.84 an(T 
ez= what it wants of the true Root, then it being r -J- e = a % 
it is now the firjl Cafe> Page 230. 



Therefore 
1 ©- 3 
1 ©- 2 



1+2 

4 — 3 
But 



5. 61 7 



r -\-e = a 

rr r + 3 rre -|- 3 r e e -f- *t e = aa a 

rr-\-2.re-\-ee~aa 

Add the firft and fecond Equation toge- 
ther, becaufe in the given Equation 
it is a -f- a a a. 

rrr~\~yre +3W+ eee + r+e — aaa-^a 

From this Equation fubftrait the third 
Equation, becaufe it is — a a in the 
given Equation. 

r r r 4-3 r r *+3 r e e*\-e e e-\- r-\-e~-rr 
— 7. re — e e~ a a a * — aa -\- a, 

aaa — aa-\-a => 46526760 by the 
given Equation. 

rrr+3>'r/-f*3 r ** + <f ^~f* r +* — r r 
".j—2 re — ee r= 46526760 

T ^ Put 



Hosted by G00gk 



Of Adf eft ed Equations, &c. . 241 



7 in Numbers 

$ co n tracked 
9 — 

10 + 

II + 

I11 Numbers thus : 

359-5) 
+ .1 



9 

10 

n 

12 



Put this Equation in Numbers, and re- 
ject the Powers of e, above ee. 

46593819.644 + 388454.4768^ + 
1079.52^+359.84+*' — 129484,8256 
— 7 19.68^ — ce zz 46526760 

46464694.6584 + 3 8 7735-79 68 ' + 
1078.52** rr 46526760 

3 8 7735-79 6 8 e + 1078.52 ee = 
62065.3416 

Dividing by the Co-efficient of t e, 

359.5^ + ^^=57.547 

Now dividing by the Co-efficient of *? 



Divifor 359.6 
.16 



359-5 + * 
57-547 (;i.6 = ^ 

359$ 



Divifor 359.76 



215870 
215856 



14 



The Reader will obferve that in this Divifion, I hatfe taken at 
once two Figures from the Dividend^ viz. 70, becaufe in zddlng 
the .16 to the Divifor, the Number of Places there is increafed- 
by one, therefore I take one Figure more from the Dividend 
than is ufual ; which is recommended to the Reader's Attention, 
as he may again meet with the fame Cafe. 

Now r zz 35984 
+ > = .16 
r + e = 360.00 =z a> which will be found to be the true 
Root, by involving it to the feveral Powers of a in the given 
Equation, and adding or fubftracYmg them according as thofe 
Powers of a are there connected by the Signs + or — . 

It may be proper to inform the Learner, that the nearer 
the Number is taken to the true Root, the nearer the Opera- 
tion will come to the Truth, and therefore after he has tried the 
jirjl Suppo/ition, if he thinks he can make a fecond Suppofition 
fearer the Truth, it will be right to do it, which pethaps 
" ' ' I i may 
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may bring out the Root fo near at the firft Operation, that 
it may fave him the Trouble of making a fecond Operation, 
Thus, 

If a a a -\-a a + a = 4942070, to find a. 

Suppofe a to be 100. 

Then the Cube of <z, or a a a is - - 100000O 

And the Square of a y or a a is - - - icooo 

And a is - - - 100 

IOIOIO© 



4942070 

IOIOIOO 

393*97° 



8000000 

40000 

200 

8040200 
4942070 



The Number in the given Equation is 
If we fuppofe a zz 100, then the Sum of its 7 
feveral Powers are - - - 1 

Difference wanting - 

Now let us make a fecond Suppofition thus, 

If a = 200, 

Then the Cube of a, or a a a is 

And the Square of tf, or # a is 

And a is 

Sum of the feveral Powers of a> if a is 200 - 

The Number in the given Equation - - 

Difference over 3°98i3° 

For a third Suppofition, fuppofe it 160 and try with that* 

and if it be Up than juft, it muft be r zz 160 and r -f- e zz 

a-, if 160 be too much or more than juji, then it muft be 

When there are two Suppontions made, one being more 
than juj^ and the other lefs than jujl, it may be convenient to 
make a third Suppofition between the two, and proceed by 
Cafe 1 or 2, according as the fuppofed Number is more or lefs 
than juj}. 

Having explained the Method of refolving adfected Equations, 
we proceed 10 fuch Qjefiions as prodilce thefe Equations. 



the 
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The Manner of folving ^ueftions^ when 
the unknown Quantity has fever al Powers 
in one Equation^ and only the firft 
Power in the other Equation. 

69.TT 7" HEN the unknown Quantities are to the firft and 
V V fecond Power in one Equation, and but to the firft 
Power in the other Equation, find the Value of that unknown 
Quantity, in the Equation where its Terms are the more fimple ; 
raife this Equation, or Value of the unknown Quantity, to the 
feveral Powers of the unknown Quantity in the other Equation ; 
then in that Equation for the feveial Powers of the unknown 
Quantity, write, or put thefe Values, which exterminates that 
unknown Quantity, leaving an Equation with only one un- 
known Quantity, which may be refolved by fome of the 
Methods already explained, 

Queftion 84.. There are two Numbers, if the Square of the 
greater is divided by the lejjer, to this Quotient adding the greater y 
from which Sum fubjirafting the Square of the lejer, the Remain- 
der is 1 00 : 

And the Sum of the two Numbers is 50. What are the Num- 
bers fought f 

Let a = the greater, e = the leffer Number, m= 100, 

P == 5 ° # 

+ a--ee = ml 

V 

a + e-p 3 

In the firft Equation both the unknown Quantities are to the 
firft and fecond Power; but in the fecond Equation they are 
only to the firft Power; therefore, according to the Directions, 
find the Value of a or e> in the fecond Equation. • 

2 — e J 3 I a — p — e 

Bccaufe a is to the fecond Power in the firft Equation, raife 
the third Equation to the fecond Power. 

I 12- 3®* 
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-*-a-— e e = m # 
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3©-2j 4 \ a a = pp — %pe -\- e t 

Now for a a and a in the firft Equation, write their refpec- 
tive Values, />/> — 2pe+ee, and/) — e, f6uttd by the third 
and fourth Equations, then we have, 



3-4 



That is 



y -\- e e e 

8 + p e 

9 in Numbers 

That is 



7 
8 

9 
io 
ii 



pp. 



•2p e + ee 

— L L— -f- p — e — e i 



m m 



an Equation from which a is exter- 
minated, and contains only the un- 
known Quantity e. 

p p — 2 p e-\-e e~\-pe — e e — e e e-zzme 

P p — p e — e e e r= m e 

P p — pez=me-\-eee 

pp-zr. eee-\-me-\-pc 

e e e -f- IOO e -f- 50 e zz 2500 N \ 

e e e -f- 150^1=: 2500 



Here the Equation appears to be adfefted, and to refolve it, 
let us fuppofe e = 9. 

Then e e e = 729 
And 150 * zz 1350 

2079 which being lefs than 2500, therefore e . 
xnuft be more than 9. 

Then let r ~ 9, and ^ ~ what 9 wants of the true Value of 
f 9 then by Cafe 1, Art. 67, we have, 

I r+y —e 
I ©- 3 2 >"T+3 r ry-(-3 ryy — eee^ rejecting 
the Powers of y above j_y. 

Becaufe in the given Equation e is multiplied by 150, there- 
fore multiply the firft Step by 150. 

1 x *5° I 3 I 15° r + x 5° y = 15° * 

Now add the fecond and third Eq uations together, becaufe 
the like Powers of e in the adfefied Equation, are connected by 
the Sign +. 

2 + 3 4 rrr + zrry+zryy + isor+ 150^ 

= e e e -{- 150 * 
But 5 **«?-{- 150 *= 2500, by |he given 
J JEquation. 

4-5 
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4- 5 
6 in Numbers 

7 contra&ed 
8 — 2079 

9-^27 

io~ 14.55 +y 



7 

8 
9 

10 
11 



245 

= 2500 
729 + 243^ + *7yy+ *35<> + *5°J 

=z 2500 

2079 + 393J + 27^= 2500 

393.7 + 27 j y = 421 

Dividing by the Co-efficient of yy. 

n*sy+yy= I 5-59 

Now dividing by the Co-efficient of y 

plus y. 

y - '5-59 



"14-55 +y 



Operation 14.55) 15.59 (*• = V 
1. 



Divifor 15.55 

rzz 9 

J- 1 



15-55 



4 Remainder neglected. 



r -\- y = j o := <?, which being involved and tried will be 
found to be the true Root : Hence 10 is the lefler Number fought, 

Then by the third Step of the Work to the Queftion a = p 
— e = 40, the greater Number fought. 

In the Divifion for finding^, the Learner may obferve, that 
as the two next Figures in the Quotient will be Cyphers, and in 
the Places of Fractions, and the third Figure being of fo fmall 
a Value, I proceed no further in the Divifion, but leave it as in 
the Work, and fo happen to find the true Value of e. 

Queftion 85. Two Men, A and B, have fuch a Number of 
Pounds, that the Pounds A has, divided by the Pounds B bas 9 
and from this Quotient fubjlrafting three times the Square of B's 
Pounds, and to the Remainder adding the Square of A's Pounds^ 
the Sum is 27 : 

But if from the Pounds A has, there is fubflraSied the Pounds 
B has, the Remainder is 5. How many Pounds had each Man f 

Put a — the Money of A, e == the Money of B, d = 27, 
* = 5. 



e 

a — e zz * 



> By the Queftion. 
In 
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In the firft Equation a and e being to the firft and fecond 
Power, and to the firft Power only in the fecond Equation, 
therefore by the Diredlions find the Value of a, or *, in the 
fecond Equation, fuppofe we find the Value of a. 

% + e\ 3 \a—x+e 

Raife this to the fecond Power, becaufe a is to the fecond 
Power in the firft Equation. 

3 ©- 2 [ 4. I aa = xx -f" 2 x * + e * 

Now for a and # # in the firft Equation, write their refpective 
Values, x -{- e^ and xx-\-2xe-\-ee. 



3-4 



5 x* 

That is 

7 in Numbers 

8 -)- 2<? ** 

6 — 10 e e 

10 — * 

ir — 25 * 



7 
8 

9 

10 
11 
12 



— 3**- r -* ,y -r" 2 «* , *-f"** :::: 4 here 
e 

a is exterminated, for the Equation 
contains only the unknown Quantity e* 
x-\-e — 2 ee eJ T x x e-\-2e x e-\-e e ezz de 
x-\~e — 2e ee -[- x x e~\-2xe e = d e 
$^. e — 2 ee e-\-i5 e-^ioee-zr 27 e 
5+^ + 25 e-\-\oe e ~ 2 ^ ^ ^-f-27 e 
5-\~ e -\~ 2 5 e — 2ee e — iO^-j-27 e 
5 + 2$ e = 2eee — 10 e e -f- 26 e 
2 e e e — 10 e e -f- e zz 5 



To refolve this Equation, fuppofe e := 6, 

Then 2 ^£ = 432 
— 10^^ = — 300 



72 
+ e— 6 

78 which being greater than 5, the Num- 
ber in the given Equation, hence e cannot be fo much as 6, 
therefore, 

Let r = 6, and ^ = what 6 is too much, then by Cafe 2, 
Page 235, 

1 1 r — y = * 

2- r r-r — T>r r y -\- ^r y y = * * * re- 
jecting the Powers of jy above ^j^. 

Becaufe 
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Becaufe in the given Equation e e e is multiplied by 2, there- 
fore multiply the laft Equation by 2. 

2x2 j 3 \2rrr — 6 r ry + 6 ryyzz leee 

Now raife r — y = e to the fecond Power, after which multi- 
ply it by 10, becaufe it is 10 e e in the given adfe£ted Equation. 



1 ©- 2 

4 X 10 



rr — 2ry-\~yy zz e e 
lorr — 20 ry + JOyy: 



10 ^£ 



Then add or fubftradt the Equations that are equal to 2 ee e y 
loee and *, according as thofe Quantities have the Signs + 
or — , in the given adfeSled Equation. 

2 rr r — 6rry-}-6ryy — ior r+2or y 

— loyy-\-r — yzz zee e — \oe e-\-£ 
2e e e — io e e -f- e = 5, by the given 

Equation. 
2 r r r — 6 r ry+6 ryy — 10 r r-\-iory 

— 10 yy + r — y = 5 
432 — 216^ + 36^^ — 360+ izoy 

— ioyy + 6 — y = $ 
78^97^ + 26^^=5 

Tranfpofe 5 it being lefs than 78 



3 — 5 + 1 


6 


But 


7 


6.7 


8 


8 in Numbers 


9 


9 contra&ed 


10 



10 ■ 



11 + 97 y 
12 — 26yy 

13-7-26 



II 




12 


J 3 


14 


15 



14 "^ 3-73— y - - 

3-73 — J' 
Operation 3.73) 2.807 (i.zz.y 
— 1. 

273 . 



73 — 97 y -{" 26 yy — o, for one Side 
of the Equation fubftracled from the 
other, the Remainder muft be no- 
thing, both Sides of the Equation 
being equal to one another. 

73+26yjKZz 97^ 

97 y~ 26 yy~ 73 

Divide by the Co-efficient of yy. 

3-73y—yy~ 2.807. 

Now divide by the Co-efficient of y 

minus y. 
2,807 

y-> I 



Divifor 2.73- 



7 Remainder neglected* 



r = 
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r = 6 by Supposition, 






r — y = 5 = e > which being involved and tried it will be 
found to be the true Root, hence B had 5 Pounds. 

Then by the third Step of the Work to the Queftion a — x 
+ *= 10 Pounds, the Money A had. 

JO. The Numerical Method of refolving adfecfed Equatkns 
heing explained, we Jhall now Jhqw the Learner, that evfry ad- 
fefted Equation has as many Roots , either real or imaginary, as 
are the higheji Di?nenfans of its unknown Quantity. 

For in any Equation where the higheft Power of the un- 
known Quantity is the Biquadratic, or fourth Power, then 
there may be four Values of the unknown Quantity ; if it is 
only to the third Power, then there may be th.ee Values of the 
unknown Quantity, and fo on : But there cannot" be more 
Roots or Values of the unknown Quantity than there are Di- 
menfions in the Equation. 

^ Thefe Roots are fometimes affirmative, and fometimes nega- 
tive, and fome Roots are impojjible. The Reader obierving how 
Quadratic Equations were compounded and generated, may 
better tmderftand the Nature of thefe Roots. Thus, 

Strppofe a ~ 1, then a — 1 =o, again fuppofea rz 2, then 
a — 2 = 0. 

Now multiply thefe two together - - a — 1=0 



An Equation of two Dimenfions, which \ 
feas two Roots, viz. 1 and 2 
Again, let a rz 3> then 



From multiplying thefe together, we have an -\ 
Equation of three Dimenfions, and which has K aaa — 6 a a -4- II a — — 6 = 
3 Roots, vix. i . 2 and 3. 3 

jLaitJy, fuppofe a zz — 5, then - ,- a -f- 5 — o 

a a a a — b a a a-\- 11 a a— 6& zzl o 

+ 5*tfg— 3Q*/7+55* — 3° = Q 
Aft E<juation of 4 Dlmeniions, and -> 

which has 4 Roots, -viz. 1*2.3. I Aa aa aaa IGtf tf -J-AQ a 70 Z= O 

and — 5, and fo of any other Power. J ° 

Thefe fevera) Multiplications mufl all be zz O becaufe the 
Multiplicand and Multiplier are each z:o. 

2 ? r 





a — 


2 — 


: O 




aa — 
— 2 a + 


a zz, 
2 = 


O 



hich I 

>a a 


— 3* + 
a — 


2 ~ 

3 = 


O 

O 


aaa — 
— 3aa 


3 a a -\- 2'a = 
+ 9 a — 6 = 


O 
O 
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By the fame Method that we found the two Roots in Qua- 
dratic Equations, we may find the Roots of thefe Equations. 
For fuppofe we had this Equation aaaa — a a a — i<) a a-\- 49 # 
—•30 = given, which being refolved by the Method of Con- 
verging Series, we fhall find ^r i> whence 1 is one of the 
Roots of the given adfecled Equation ; now tranfpofe x to make 
It a — 1=0, take the given Equation, which being equal to 
nothing, and dividing it by a — 1, the Quotient mult, be equal 
to nothing, thus, 

a — 1 ~o) aaaa — aaa — 19 aa-\-<\.ga — 30—0 (aaa — 19(2+30:=: ° 
aaaa — aaa 



— 19^+49^—30 

— 19 aa-\-l^a 

' _ 3 0a ~ 3° 

30*7 — 30 



Here we find the Quotient to be a a a — 19 a + 30 zz o, and 
folving this Equation by the Method of Converging Series, we 
fhall find a ~ 3, for another of the Roots of the given adfected 
Equation. 

Then a — 3 zz o) a a a — 19*7 + 30 zz o(aa-\- ?> a — > 10 zz o 
aaa — 3 a a 

Z aa — I 9 a + 3° 
3 a a — 9 a 

— 10a + 30 

— iotf -j- 30 



Hence we have got this Quadratic Equation aa-\-^a — 10 zr o, 
whence a a + 3*7 zz 10, the two Roots of which are 2 and — 5, 
the two remaining Roots of the given adfedted Equation ; in 
the fame Manner all the pofiible Roots of any other Equation 
are determined. 

And to give the Learner an Inftance where fome of the Roots 
of an Equation are impoflible : 

Suppofe aaa — 40 a + 4 tf — 16 — 0, by tranfpofing 1 6 and 
refolving the Equation by the Method of Converging Scries y 
we (hall find a zz 4 : Then tranfpofing 4 to make it a — 4—0, 
and making the given Equation equal to nothing, and dividing 
thus, 

K k «_ 4 
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a — 4 = o) aaa-~ ^aa-^ ^a — 16 = o (a d -(- 4 :=: o 
a a a — 4 a a 



\a — 16 



Becaufe the Dividend and Divifor are both equal to nothing, 
therefore the Quotient mull be equal to nothing ; but if a a -f- 4 
= 0, then aa=z — 4 an Equation which has no real or pojjible 
Root in Nature, it being impoflible to generate or produce a 
negative Square, for minus multiplied into minus, as well as plus 
multiplied into plus, makes the Product affirmative, or plus. 

Queftion 86. Three Merchants, A, B, and C, found the 
Pounds A and B had gained, were equal to twice the Pounds C 
had gained: 

But if the Pounds A gained were added to twice the Pounds B 
gamed, and this Sum added to the Pounds C gained, it made 
19 Pounds : 

And the Sum of the Squares of each Perfon's Gain was equal 
to 77 Pounds. How much did each P erf on gain ? 



Let a -=z the Gain of A, e 
of C, mz= 19, p = 77. 



the Gain of B, y = the Gain 



4©- 2 



a -f- e — 2'y 
a -}- 2 e -f- y 
a a -f- e e -\- y y 



— m > 

n = P 3 



By the 
Queftion. 



a — 2y — e, Raife this Equation to 
the fecond Power, it being a a at 
the third Equation. 

a a = \y y — 4^ e -j- e e 



Now for a, and a a in the fecond and third Equations write 
their refpe&ive Values, viz* 2y — e, and \yy — \y e -\- 1 e. 



7 1 5yy—4y+2"=p* 



Here the Queftion is reduced to two Equations and two 
unknown Quantities, for a is exterminated, therefore in the 
fixth Equation, find the Value of e, or y, and raife it to the 
fecond Power, for thofe Quantities are to the fecond Power in 
the feventh Equation. 

6—37 
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2 S l 
6 — 3j 8 e—m — iy 

S ©- 2 I 9 eezzmm — 6my + qyy Multiply this 
Equation by 2, becaufe it is 2 e e in 
the feventh Equation. 
9X2 10 2e e = 2mm — 12 my-\- 18 y y 

Now in the feventh Equation for e and %e e write their Values 
at the eighth and tenth Steps. 

$yy~- 4y m-\- i2yy-\-2mm — 12 my 
+ 18 y y = p, an Equation with 
only the unknown Quantity^. 
25 y y — i6my -\- 2 m m = p 
35 y y — 16 my = p — 2 mm, here the 
Equation appears quadratic, and it is 
likewife ambiguous, for 2mm is 
greater than p. 

16 my __ /> — 2 #*#* 

^ 35 35~" 

i6wy , 256mm 256 mm 

yy — ~ + - ^ ' = — tt- 



7 . 8 . 10 

11 contracted 
12 — 2 mm 



13-*- 35 

14 < D 



11 



12 
*3 



i5 



4 



35 • 4900 
p* — 2mm 

35 



4900 



The Co-efficient of y is — — , which being divided by 2, or 

35 

J? by the Rule in common Arithmetic for Divifion of Vul- 
1 

gar Fractions, the Quotient is , the Square of which is 

256 m m 

4900 



70 



15 vjj 2 

, , 16 m 

16 4 

70 



By the 8th Step 
Py the 4th Step 



16 
17 



18 

J 9 



35 



16 m /256 mm , /> — 2^/72 

j/ — _r— = v/ + < 

70 49°° 35 

16 m , A\6 mm ~T~p — mm 

v = ± v/ - i_ ~r 

70 49 00 

- 4.9999 or 3.68.57 
But 4.9999 is the Number, the Anlwer 

being 5. then if y z=: 5 
* — w — 3^ = 4 
a = 2y — <? — 6 

Kk2 Quettion. 
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Queftion 87. A, B, and C, having been at the Gaming-^able, 
found the Pounds A lojl added to the Pounds C lojl was equal to 
twice the Pounds B lojl : 

But the Pounds A lojl added to the Pounds B lojl, and this 
added to twice the Pounds C lo/l 9 the Sum was 22 Pounds : • 

And the Product of what A and B lojl, being added to three 
times the Product of what B and C lo/l, the Sum was 120 
Pounds. How much did each lofe ? 

Let a = the Sum A loft, e == the Sum B loft, y zz the Sum 
C loft, d — 22, n = 120. 



zz n J 



1 « +j/ r: 2^ 

2 # At e + 2 j> 

4 a = 2 e — y 

5 I 3^+^ = ^ 

6 \ 1' e e — ey-\-3ey~n 



By the Queftion. 



By the fifth and fixth Steps, the Queftion is reduced to two 
Equations, and two unknown Quantities, and becaufe y is only 
to the firft Power in both Equations, find the Value of y in each 
of them. 



5—3' 
6 — 2 e e 



7-9 

10 x 2 *? 

II + 6 e e 

12 — n 

13 — 2^£ 



I4-H4 

15 c D 



7 
8 

9 

10 

11 

12 

13 

?5 

16 



.y —</— 3* 
2 e y = « — 2*£ 
« — 2 tf * 



2 * 
2 e e 



= ^— 3' 



2 * 

# — 1 e e -=z 2 d e — 6** 
4^^-j-«=z 2^^ 
4 * * — 2 d e ~ — n 
Here the Equation is quadratic and 

ambiguous* 
de ___ n 

ee ~~~^~~ 4 

ei — £L + iL=££—*{oT the 

2 16 16 4 

Co-efHcien/ of e is — , which being 

2 
divided by 2 as in the laft Queftjon, 

the 
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2 53 



]6 LUJ 2 

I d 



J 7 



the Quotient is — , the Square of 
4 
.... Ji 
which is _-. 

16 

_ d __ yW _ j* 

4 16 4 

( = 6, or 5, if ^ = 6, 

;> — </ — 3* = 4 
a z=l 2 e — ^ = o 



Then by Step 7th 19 
And by Step 4th | 20 

But if e = 5, then by the fevtmth Step j = ^ — 3 ' = 7> 
.and by the fourth Step a =r 2 * -r-jf ~ 3'. 

Queftion 88. TZtfr<? #r<? two Numbers , /^ S/^ ^ /£*/> Squares 
being added to their 'Sum, is 338 : 

And their Produfl is 156. What are the. Numbers ? 

Let a and * be the two Numbers fought, b = 338, w = J56. 



Then 

3 ©- 2 
1-3-4 

f X e e 



1 

2 

3 

4 
5 



# tf-}~^ -\-a-\-e — b 
a e-mm 



X By the Queftion. 



m 



Hence I 7 



aa = • 



mm 



n ^ + ee + — +e = b y an Equation 

*£ * having the unknown 

Quantity * only. 

, e e m . . 

/w w + <? * e e -\ + eee z=. b ee 



But as 



e e m 



zz e m, the e being rejected 
' (by Art. 20. 



i + ^^^^-f"^^ + ^^^ — bee 



There being only the known Quantity m m, tranfpofe the 

others fo that m m may be at laft affirmative y and this is to be 

^ * obfervec, 
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obferved, that in tranfpofing the Quantities in thefe atffeSIed 
Equations, the Side of the Equation which is known may at 
I aft be affirmative. 



7 — e e e e 

8 — e e e 

9 — em 

Or 



1 1 in Numbers 



8 
9 

10 

ii 



12 



?nmJ r em-\-eeez=bee — e e ee 
m m -f- em zz bee — e e e e — e e e 
mm zzz b e e — e e e e — e e e — me 
— ee ee — e e e -{- b e e — me -=z mm, 
it being the common Method to 
place thefe Equations, according to 
the higheft Power of the unknown 
Quantity. 
— eeee — eee+^ftee — 156^=24336. 



Now fuppofe e zz 10. 



Then — e e e e = . — 10000 
— e e e = — 1000 



— 1 1 000 
+ 338 ee — 33800 



22800 
— 156 e zz — 1560 

— eeee — ***+33;8 ee — \$be — 21240 which being lefs than 
24336 the Number in the given Equation, therefore e muft be 
more than 10. 



Let r = 10, and put y = what it wants of being the true 
Root. 



r + y = e 

r?rr-\~4>rrry-\-6 r ryyzz e e ee % all 

the Powers ofy abovej^ being rejected. 
rrr-^-^rry-^r^ryy — e ee, rejecting 

all the Powers of y abovejj\ 
rr~\-2ry-\-yy — ee 



Becaufe in the given Equation it is 338 e e 9 therefore multiply 
the fourth Equation by 338. 

Becaufe 



Then 

1 &i 


1 

2 


1 ©"3 


3 


1 ©■ 2 


4 
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Becaufe in the given Equation it is 156 e> therefore multiply 
the firft Equa tion by 156. 

1 T$b\ 6 [ 156^156^=156* 

Now the fecond, third, fifth, and fixth Equations being equal 
to the feveral Powers of <?, and multiplied by the fame Co- 
efficients as in the given Equation, add or fubftracl them accord- 
ing to the Signs thofe Powers have in that Equation. 

— rrrr — ^rrry — 6rryy — rrr — ^rry 

— 156 r — 156^ — — e ece — eet 

+ 33 8 ^— l S^ e 
— eeee — ^^-f-338^ — 156*= 24336 
by the given Equation. 

— rrrr — ^.rrry — brryy — rrr — yry 

— 3 r yy+33$ r r+676 ry+22$yy 
^, 5 6r— 156^= 24336 

— IOOOO — 4000^ — 600 yy — IOOO 

— 3°°y—3°yy + 33 8o ° + 6760^ 
+ 33 8 ^v— i5 6 °— i s£>y = 24336 

21240 + 2304^ — 2g2yy z= 24336 
23°4;— 292^ y=z 3096 
Now divide by the Co-efficient of yy. 
7.89^ — yyzz 10.6 
And dividing by the Co-efficient of y 
minus y, 
10.6 

y = 

7.89— > 

Operation 7.89) 10.60 (1.7 = y 
6.89 



1—3+5—6 


7 


But 


8 


7.8 


9 


9 in Numbers 


10 


10 contracted 


11 


11 — 21240 


12 


12 -r- 292 


l 3 


3-^7.89—^ 





Divifor 6.89 
— i-7 



Divifor 5.19 



37*° 
3 6 33 



77 



r — 10 by Suppofition. 

+ y = 1.7 



r 4- ^ = i 1.7 which being involved and tried, it will be found 
too little ; therefore for a fecond Operation, 

Suppofc r ~ 1 1.7 and y what it wants of the true Root. 

Then 
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Then 

i ©"4 

i ©- 3 

I ©-2 



r-f y zz e 

rrrr-\~4.rrry + 6rryy^=:eee£>, the 

Powers of y above y y being rejected. 
rrr+3rry+3ryy=.<>ee, the 

Powers of y above y y being rejected. 
rr + 2 ry + _yjy = /* 

Becaufe in the given Equation it is 338 e e, therefore multiply 
the laft Equation by 338. 

4X3l£~| 5 I 338 rr + 676 r^ + 338^^ = 338^^ 

Becaufe in the given Equation it is 156 e 9 therefore multiply 
the firft Equation by 156. 

1 X 156 J 6 J 156 r-f i$6y zz 156 e 

Now add or fubftracl: the Equations that are equal to e e e e y 
e e e > 338 e e ar »d 156 e y according to the Signs thoie Quantities 
have in the given adfefled Equation. 

— r r r r — 4 rrr y — 6 rryy — r r r — 3 r ry 
—Z r yy + 33 8 rr+6j6ry + 338 yy 

— 156 r — 156^ = — eeee—^eee 

+ 33 8 ^— I5 6 ^ 
— eeee — ^ + 338^ — 156* r= 24336, 

by the given Equation. 
— rrrr — \rrry — 6rryy — rrr — yry 

—3 r y J+33 8 r r+6 7 6ry + 338^ 

— 156 r — 156^ = 24336 
— I 8738.872 I — 6406.45 2 y — 821.34^ 

■ — 1 60 1. 613 — 410.67^ — 35.1 y y 

+ 46268.82 + 7909.2^ 4- 33$y y 
~ 1825.2 — 156^ = 24336 

24103.1349 + 936. 078.V — 518.44^ 
^24336 

936.078^ — 518.44^^ = 232.8651 

Dividing by the Co-efficient of yy. 
1.805^ — v.y — 4491. 
Now dividing by the Co-efficient of y 
minus y, that is, by 1.805- — > 

13 -r- 1.805 — y 14 y~ 4491 



2—3+5—6 


7 


But 


8 


7.8 


9 


9 in Numbers 


10 


20 contracted 


11 


11 — 


12 


12 ~- 


r 3 


-r- 1.805 — y 


14 



.1.805— -j/ 



Operation 
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Operation 


1.805) 
- .2 


.4491 (.297 => 
3210 




Divifor 


1.605 






• .29 


12810 




Divifor 


i-3 r 5 


1183S 




Divifor 


97 
1. 218 


9750 
8526 





257 



1224 

r = 1 1.7 by Suppofition, 

- H = - 2 97 

r + vis 11.997 = '» which fe fomethingtoo little, the true 
Value being 12. but this may inform the Learner of the Nature 
of folving thefe high adfefied Equations, every Operation ap- 
proaching nearer and nearer to the true Root, from whence it 
may be found to any aflignable Degree of Exadnefs. 

And having found e to be 12, then by the third Step of the 

Work to the Queftion, we have a zz — = I3> the other Num ~ 
ber fought. 

71. The Method of revolving Equations when the unknown 
Quantity is to fever al Powers in both Equations. 

When both the unknown Quantities are to the firft and 
fecond Power in both Equations, find the Value of the Square 
of the unknown Quantity in each Equation, and make thefe 
two Equations equal to one another; which Equation will have 
the firft Power only of the unknown Quantity,, its Square being 
exterminated by that Equation. 

Then find the Value of the firft Power of the unknown 
Quantity in this laft Equation, which raife to the fecond Power; 
and in either of the two given Equations in which it may be, 
moft conveniently done, for this unknown Quantity and its 
feveral Powers, write their refpeclive Values, which will give 
an Equation with only one unknown Quantity, and is to be 
reduced by the Rules already explained. 

L 1 Queftion 
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Queftion 8g. To find two Numbers, the Sum if whoft Squares 
is equal to the leffer multiplied by 20 : 

And the Square of the leffer being added to their Produft, the 
Sum is 1 6. 

Let a zz the greater Number, t zz the leffer Number, 
m = 20, d-si 16. 

**+" = «'! By the Queftion. 

e e + ae = d J J ^ 

Begin to exterminate ee according to 
the Directions, that is, find the Value 
of e e in both the given Equations. 

e e 'zz me — a a 

e e = d — a e 

m e — a a =d — ae, here e e is ex- 
terminated, now find the Value of e» 

me -f- a e — a a zz d 

me-\-aczzd-\-aa 

d 4- aa 
ezz^L. 

m-j-a 

Raife this Value of* to the fecond Power, 

dd4- 2 daa~\-a a a a 
e e zz — 





I 

2 


t — a a 
2 — e e 

3-4 


3 
4 
S 


S + ae 
6 -j- a a 


6 

7 


7 -— ft -J- a 


8 


8©"2 


9 



w«+ %mft-\- aa 



8 



Now in the firft Equation for e e and e y write their refpe&ive 
Values at the eighth and ninth Steps. 

d d 4- idaa-\-aaaa __ 

10 tftf-| r 

w /» + 2 ;;/ * + a a 
md + maa ^ Equation clear of ^ 

w + a 
having only the unknown Quantity a. 

To clear this Equation of the Fractions, obferve that m m 
jl 2 ma + aa is the Square of m + a, the former arifing 
from the Involution of the latter by the eighth and ninth 
Steps, and in the Multiplication of Fraftions, it being the 
fame thing to divide the Divifor, as to multiply the Dividend, 

iom ^\/l±li aa ^ a K aa \ by m + a, we only change 

mm-\- ima -\-aa 
the Divifer tom + a, that being the Quotient of m m + 1 ma 
J^aa divided by m + a > the reft of the Multiplication is the 
fame as u/uaJ. 

10 X 
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, , ddA- 2 da a 4- a aaa 
I0xw+fl U maa + aaa-f- L — . . . ■ ' 

zz m d-\- ma a 
ll X m -\- a 12 mmaa-\-maaa-\-maaa-^-aa<i*^- dd 
-f- Ida a\-a aaazumm d-\-m ma a 
-\>mda -\-maaa 
mm a a-{~m a a a+a a a a -\-d d+2 d a a 
-\-aaaazzm md-\-m ma a+m da 

14 maaa-\-a aaa -\-dd-\-id a a-\-a a aa 
= m md -\- mda 

15 m a a a \- 2 a a a a -J- d d-{~ 2 d a ar— 
m d azz. m m d 

16 2 a a a a -\- m a a a -\- 2 d a a — m d a 
= m m d — d d 

iy 2aaaa-\-2oaaa-\-$2aa — 320a — 614.4. 

Becaufe the Co-efficient of a aaa will 

divide the other Co-efficients without 

any Remainder, divide by it. 

l7~r-2 J 18 aaaa-\-\oaa a-\-l6aa — i6otf=r3072 

Which Equation being refolved by the Method of Converging 
Series, we fhall find a =: 6, or nearly to it, 6 being the true 
Root, from whence by the eighth Step e = 2. 

Queftion 90. There are two Numbers^ if the greater ?s added 
-to its Square, and from this Sum we fubjiratt the Square of the 
ieffer, the Remainder is 94 : 

But the Square of the lejfer, leing added to the lejfer, this Sum 
is equal to twice the greater. 

Let a — the greater Number, e ~ the lefler Number, m zz 94. 



12 — maaa t 13 

r4 — mm a a 

14 — mda 

x$~.dd 

16 in Numbers 



1 + ee 

3 — m 

2 — e 

4- 5 



*?+Z=2 a ~ m } B y thc Qy eftion - 

Begin with finding the Value of ee in 
each Equation. 

aa-\- a ~m-\- e e 

aa\- a — m ~ ee 

ee = 2a — e 

a a -{- a-—mzz2a — e y here e e \s ex- 
terminated, now find the Value of e^ 

e -}- a a -{- a — m =x 2 a 

e -\- a a — m~ a 

L 1 2 8 + m 
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%+tn 
9 — a a 

10 ©- 2 



9 

10 

ii 



e-\-aa~a + m 
e =z -{- ta — 00 

Raife this Value of e to the fecond Power. 
eezzaa-j-2 am+mm — 2 a a a — %maa 
+ aaaa 



Now for e e and * in the fecond Equation, write their refpeo 
tive Values, found at the tenth and eleventh Steps. 

2 . II . io 12 aa+2am+mm — 2000 — 2maa + aaaa 
+ a + m — a a zz 2 a 
12 in Numbers 13 188 ^-f-8836 — 2 a * a — i$8aa+aaaa 
+ + 94.-2* 
13 contracted 14 1870+8930 — 2aaa — iSSaa + aaaa=o 
Tranfpofe the feveral Powers of 0, that 
8930 the known Part of the Equa- 
tion may be affirmative. 

14 — aaaa 15 — 0000—1870-1-8930 — 2aaa — 1880* 

15 + 2aaa 16 — 0000+2000:31870+8930 — 18800 
16 + 188 a a 17 — 0000+ 2000+ 1 8800 z= 1870 + 8930 

17 — 1870 18 — 0000+ 2000+ 1 8800 — 1 870 z=z 8930 

Which Equation being refolved, we fhall find a n 10, or 
nearly to it, 10 being the true Root, 

Then by the tenth Step e n a + m — 00=4. 

We fhall now proceed to the Solution of feveral Geometrical 
Problems upon the fame general Principles, and if the Learner is 
not fufficiently acquainted with the Elements of Geometry, to 
difcover how the Equations are formed from the Properties of 
the Figure, he may omit thefe Queftions, and proceed to the 
ethers which require no Knowledge in Geometry. 

Queftion 91. In the oblique Triangle ABC, given the Difference 
between the Sides A C and B C = 8, 0770' the Difference between 
the Segments of the Bafe AE and EB zz 10, and the Perpendicular 
CE, let fall from the vertical jingle C, upon the Bafe A B — 16. 
To find the Sides AC, C B, and Bafe A B ? 

Upon C as a Center, with the Radius C B, draw the Circle 
GBFD, and continue A C to G. 

Hence CB= CD, as Radius of the fame Circle, whence 
A D is the Difference of the Sides, or the Difference between 
ACand CB=8. 

And 
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And BE = EF, as FB is bifefted at E by the 3 . e . 3 
hence A F is the Difference of the Segments of the Bafe, or 
the Difference between AE and EB = 10. 



\G 




LetADr=^=8, andDC = CB = ^ thenAC=^ + *. 

Let AF=:£:rio, and FE = EB = *, hence ABzzb 
-\- 2 a. 

Let CEzrp— 16. 

Having two unknown Quantities, a and e^ and no Equation 
from the Conditions of the Quefton, we muft raife two Equa- 
tions from the Properties of the Figure. 

Now the Lines AG and AB are drawn from within a Circle, 
and touch without at the Point A, therefore by 37 . e . 3 AG 
X AD ~ AB x AF, all which Lines are exprelled in Sym- 
bols, except AG, but CG — CD = e, and AC = d + e, 
therefore AG =: d + 2 e y hence we have in Symbols, 

d -\- 2e x d = b -{- 2 a x b the fhort 
Lines over the Quantities, fignifies 
that they are both to be multiplied by 
the Quantity which follows the Sign 
of Multiplication. 

But the Triangle CEB is right-angled, 
therefore by 

2 pp + a a zz e e 

3 dd\> 2 di = bb + 2ba 
Now find the Vakie of either a or t 3 

in the third Equation. 
2de -=?bb-\- 2b a — dd 



47 .e . I 
From the firft 



Z-dd 

But as we mail have Occafion to fquare this Equation, for 
when the Value of e is found, that Equation muft be raifed to the 

feconxl 



Hosted by G00gk 



26z ALGEBRA. 

fecond Power, it being ee in the fecond Equation; and bb 
~dd being a known Quantity, to avoid Trouble, fubflitutc 
x=zbb — dd. 



I 



Then 

6©-2 

2.7 

8 x 4^ 



q — \ddaa I 10 

10 ## i IX 



2de=: x+ %ba 

2d 

Raife this to the fecond Power, becaufc 
it is ee in the fecond Equation. 

ee— **+ *r x t>a + 4.bbaa 
"~ 4^ 

a**'-}- 4*^0 + 4-bba a 

* dd (an Equation 

clear of e. 

xx-^-^xba-^^bbaazz^ddpp-^^ddaa 

Bring all the Powers of a to one Side 

of the Equation. 
\bbaa-~ -\ddaa-\-\xb a-\-xx~ \ddpp 
4 b baa — 4 ddaa\-^xbazz.^ddpp — xx 

Here the Equation appears quadratic, the unknown Quantity 
being only to the firft and fecond Power ; but as the Square of 
the unknown Quantity has Co-efficients, therefore by Article 58, 
divide the Equation by 4.bb~4.dd, the Co-efficients of a a. 

X1 +4bb- 4 dd\ x%\ aa J r ^ xba =t±LttZL 
I I ±bb— $d d ^bb — ^a 

The Work being now prepared for compleatwg the Square, and 
the Co-efficient of a being a Fraction, to fave the Trouble of 
dividing it by 2, and fquaring the Quotient according to Art. 57, 

fobftkutey= £ii— , 

4-b b — \dd 

4ddfp — xx 



x x 

dT~ 



Then 



13 c D 



14 uju 2 



*5 



13 



H 



*5 



16 



a a -\- y a 

\bb — $dd 

1 aa+ya+U. zz \ddpp—xx ^yy 
4.tb — \d d 4' 



a + Z= flddpp—xx yj_ 
2 4 b b — 4. dd 4 



a = A dd Pp — xx _^yy , _ ^ 

4^£ — 4 #V 4 2 

= 16.7, 

Then 
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Then by Step 6th 
Hence 



*7 
18 

*9 

20 



e r: 



x + 2 b a 



23.12 

2d * 

AC = d + * — 31.12 

CB = ^ = 23.12 

A B = £ +2tf = 43.4 



Queftion 92. /// the oblique Triangle ABC, there is given 
the Sum of the Sides AC WBC-8, and the Difference of the 
Segments of the Bafe A E and BE = 2, with the Perpendi- 
cular C £, let fall from the vertical Angle at C upon the Baft 
AB=i. To find the Sides AC, B C, and Bafe A B ? 

Upon C as a Center with 

the Radius C B, draw the ^ **... 

Circle GBFD, and con- / \ 

tinue ACtoG k 

ThenCG=CB = CD, 
being all Radii, of the 
fame Circle, whence AG 
is the Sum of the Sides, 
or A C 4- C B = 8. \ 

AndFE = EB, forFB^ 
is bifeited at E, by the ^ 

3.^.3, whence A F is 

the Difference of the Segments of the Bafe, or the Difference 
between AE and BE = 2. 

The Conftrudion of this Figure being the fame as the laft, 
we can raife the fame two Equations from the Figure, but in- 
ftead of A D being given, we have AG given. Let AG, or 
AC + CB = /=:8, and D C = C G == * , whence B G == 2 *, 
then AG — DG= AD = s — 2a. 

Put AF = ^=2, andFE = EB=:#, then AB = rf-f-2 *, 
let CE =/>=!. 

Now as in the laft Queftion, becaufe the Lfnes AG and A B 
are drawn from the Circumference within the Circle, and touch 
at the Point A without the Circle, hence by 37.^.3 AGxAD 
= AB x AF, that is, 




in Symbols 

That is 

by 47 . e • I 



s x s — 2 a = d -f- 2 e x d 
s s — 2s a = d d + 2 d e 
pp-\-ee~aa the Triangle C E B be- 
ing right-angled, and DQzzCBzza. 

Here 
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* Here the Queftion is exprefled by two Equations, and two' 
unknown Quantities. 



2 + 2 s a 
A ~dd 



Then 

7 -r* 2 S 
8©"2 

3-9 

10x4** 



IT —^^ddee 
12 -\- 4. x d e 
i2 — 4.sspp 



10 

II 



12 
*3 



n — d d z=z 2 d e -j- 2 J a 

2 .r tf = j J — d d — 2 d e 

Substitute as before x = s s — d d y for 
when the Value of a is found, it muft 
be raifed to the fecond Power, to com- 
pare it with a a in the third Equation. 

2 s a = x — 2de 

x — 2 d e 
a — ■ 

2 s 
Raife this Equation to the fecond Power, 
becaufe it is a a in the third Equation. 

xx — $xde -y^ddee 
a a — ' 

4.ss 

xx — ±x d e-\- 4 d d e e 
r r ' 4 s s 

4.sspp+4.sseez=.xx — \xde\4ddee 
Now bring all the Powers of e to ene 

Side of the Equation. 
4 s se e— 4 dde e-\-4.sjppzzx x — 4 x de 
^ssee — 4.ddee-\-4xdc~\-4.s spp=zxx 
^ssee — \ddee\\xde=xx — 4-sspp 



Here the Equation appears quadratic, but is not ambiguous^ 
for x x is greater than 4 sspp. Dividing by the Co-efficient of 
ee> by Art. 58, 

j I A xde __ xx — ^sspp 



The Work being prepared for completing the Square, fuh- 
ttitute 7 = 



4" 

Then 

16 < D 



4 *w 



F — <M 



l6 



17 



"+J' = 



4 ji — 4^/i 



** 



1 yy _.xx— 4- ss PP j_yy 

+ y e -+• — 7-7 nr — 

17 IUJ 2 
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Then by Step 8th 

Hence 
And 



l 9 



20 

21 

22 



2 4h — 4^^ 4 

, - f xx — *t*spp _^yy .__y^ 

4>s s — \dd 4 2 



= 2.86 
# — 2 d e 



25 



3.03 = BC. 



AC = j — a ■== 4.97 
BA = ^f+2^z 7.72 



Queftion 93. In the right-angled Triangle ABC, there is 
given the Area of the Triangle equal to 24, and the Sum of the 
Hypothenufe AC and Perpendicular BC equal to 16. To 
find the Sides of the Triangle ? 



Let ACzz^, AB^tf, 
24, d— 16. 



BC = ^, s 



Here being three un- 
known Quantities, there 
muft be raifed three E- 
quations from the Que- 
ftion, and the Properties 
of the Figure. ■ 

Now as the Triangle^ 
ABC is right-angled, 
therefore, 




By 47 . 



a a \- e e zz y y 
y -f- e z= d 



J- By the Queftion. 



— zz s, from the Rule for finding the 
2 Area of the Triangle, for the 

Product of the Bafe and Perpendicular of any Triangle beino- 
•divided by 2, the Quotient is the Area. 

The firft Equation has all the three unknown Quantities 
but the other two have only two of them. Now if we take 
that Quantity which is in all the three Equations, and find the 
Value of it in one of them, and in its Room write that Value 
in the other two Equations, the Queftion will be then reduced 
to two Equations, and two unknown Quantities 3 thus in the 
Second Equation find the Value of e. 
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a — > 


M 


4 ©- 2 
i -5 


5 
6 


3-4 


7 . 


6—yy 


8 


'9 + 2 <?y 


9 


9 -r- 2^ 


10 



7X2 

11 + *;> 

12 2 S 

10 . 14 
15 X* 

l6 X 2 df 
17 in Numbers 

18 — s i2a 



II 

12 

14 

15 

l6 

17 
18 

19 



* 3= rf — y 

But as it is e e in the firft Equation* 
therefore, 

ee = dd — 2 dy -f y y 

aa+dd — 2dy +yy zz yy 1 Two Equat io n9 

tf ^ <2 j> > with only two un- 

ZZZ S I known Quantities, 

Find the Value of y, in each of thefe 

Equations. 
aa+dd — idy =r o, for yy being taken 

away by the Subtraction, that Side 

of the Equation is nothing. 
2 dy~aa-\-dd 
a a 4- d d 

y= -77- 

ad— - a y = 2 s 

a d zz. 2 s -J- ay 

a y = a d — 2 s 

ad — 2 s 
yzzz 



aa-\-dd_ad — £ s 

2d a 

a a a 4- d d a , ^ . 
! = a d — 2 * 

aaa-\-ddazz 2 d d a — 4 ^/i 
* a a -j~ 256 # = 512 a — 1536 
a a a — 256 a zz — 1536 



Here the Equation is adfefiedj therefore tranfpofe the Quan- 
tity fo that the Side of the Equation which is known may have 
the affirmative Sign. 



39 + 2 5° a 

20 + 153 6 

21 — a a a 



20 
21 
22 



a a a = 250" a — 1536 
a a a + 1536 = 256 a 
— a a a -|- 256 a rr 1536 



Which Equation being refolved by the Method of Converging 
S.ries, we fhall find a = 8 nearly, for 8 is the true Root; from 
whence the, other Sides of the Triangle are eafily determined. 

Queftion 94. In the right-angled Triangfe ABC, there is 

drawn G E Parallel to the Perpendicular B C, given the Per- 

Unakular B C = 24, the Segment of the Hyfothenufe E C = 15, 

» 1 * and 



Hosted by G00gk 



Of folving Equations, &c. 267 

and the Segment of the Bafe A G = 20. To find the Hypotbenufc 
A C and Bafe A B ? 



Draw E D parallel to A R. 

Let EC 1:^ = 24, EC 
= w = 15, AGri = 20, 
G'B = ED = fl, then AB 
= b + # , A E = *, then A C 
zn nr{- e. 

Here being two unknown 
Quantities, we muft raife two 
Equations, 

Now the Triangles AGE 
and E D C are fimilar, 
hence, 




by 4 . e , 6 

in Symbols 

whence 



by 47 o e . 1 
3-5-' 

4.5.6 

7 x * 

8 x * 
9 in Numbers 

that is 

j I — 225 e e 

\2 — 7S\ee 
?3 — J20QQ* 



10 



II 



AG: AE: :ED:EC 

b : e : : a : n 

a e = bn, for Quantities that are 111 
continual Proportion, the Product of 
the Extreams and Means are equal. 

bb -j- 2 b a-\- aa-\-cc = nn-\-2 ne-\-e e r 
the Triangle ABC being right- 
angled, and as thefe two laft Equa- 
tions contain the Queftion, therefore 
bn 

e 
bbnn 



bb + llt n + h l^ + cc-nn+2fJt 



bbe + 2b bn -f 



e e 
bbnn 



( + '* 
■j- c c e = nn e 



e ( + 2 n ee-\-eee 
bbee-\-% bbn e-\-b,bn n-\-c c e e — nn tc 

-\-2neee-\-eeee 
400 e e -\- J 2000 e + 90OOO -f" 57& e 6 

zz 225 e e -j- 30 ee e -\- e e e e 
976 e e + 1 2000 e + 900OO = 225 e t 

-\- 3oeee-{-eeee 
751^ + 12000^-4-90000 = '2peee-\-ceee 
eeee-\-^oeee — 751^ = 12000^-4-90000 
ecu^Z^ 6 — 7SJ*£— S^ 00 ^ zz 900QQ. 
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Which Equation being refolved by the Method of Converging 
Series, we fliall find e = 25 nearly, for 25 is the true Root. 

Then by the fifth Step * = 12, whence AC = n + 
and AB — h + a =. 32. 



40, 



Queftion 95. In the Triangle ABC, given the Bafe BC 
42.5 and the Angle at B — 49° : 45' and the Angle at 
C — 420 : 20 to find the Perpendicular A D, let fall from the 
vertical Angle at A upon the Bafe B C. 

The Triangle A D B is right-angled, 
and the Angle ABD being given, all 
the Angles of the Triangle ABD are 
known, therefore by plain Trigonome- 
try, we can find the Ratio between the 
Sides BD, and AD, though we do not 
C know the Length of either of them, for 
as the Sine of the Angle BAD, is to the 
Logarithm of any Number aflumed for the Side B D, fo is the 
Sine of the Angle at B to a fourth Number, which is the Lo- 
garithm of the proportional Number for the Side AD. 

Therefore aflumingv Unity y ox x, for the Side BD, we have 

As the Sine of the Angle at A 
Is to the Log. of the Side B D 
So is the Sine of the Angle at B 




40 : 15' - 9.810316 



1. 



To the Log. of the Side A D 



- 49° • 45 



1.18 



0.0 

9 882657 

9.882657 

9.810316 

.072341 



Hence the Sides AD ajid BD are to one another, as 1.18 
is to 1. 

Now let BC zfzb = 42.5 AD 7= a, mzz 1.18 and pzz 1. 
Confequently, 

m : p : : a : C- — B D, that is, as 
, m the Numbers which 

exprefs the Proportion of A D and D B, are to one another, fo 
is the true Length of A D to the true Length of B D. 

By the fame Reafoning, in the Triangle ADC, becaufe all 
the Angles are known, therefore the Ratio of the Sides A D 
and DC are known, and afTuming AD to be r 1, 2nd pro- 
ceeding by Trigonometry as before, we fhall find the propor- 
tional Number for CD to be i,x 

Now 
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Now putting d =1 1.1 and p m I , as before, we have 

p : d : : a : — - — D C, by the fame 
/> Reafoning as at the 
firft Step. 

And as we have now exprefled in Symbols the two Parts 
BD and DC of theBafeBC, 



Hence 
3 %m 



tl+il = h, that is, BD+DC=BC. 
m p 

. . md a , 

pa + — mb 

P 
ppa-\-mdaz=.mbp 

mb b n . r^ 

a— i—.-m 21.82 = AD. 

pp -\-m d 



Queftion 96. In the right- 
angled Triangle ABC, there is 
given the Sum of the Sides equal 
to 12, and the Area equal to 6. 
To find the Hypothenufe A C ? 

Let*— 12, l?zz6> BCntf, 
AC =y. 

Then by the Property of the A 
Triangle, A B zz \/ yy — -a a. 
Hence 




a 4" y + %/ y y — a a ~ 5 by the 

(Queftion, 

-~s/yy — a a — b> from the Rule for 
2 (finding the Area of the Triangle. 

Now becaufe there is the fame Surd in both Equations, find 
what the Surd is equal to in the fecond Equation, and write its 
Value for the Surd in the firft Equation. 

!i- 

a 



a 
2 -r- — 

2 



Vyy- 



■ a a zz — for h = and 



•+- - = — , by the Rule for Divi- 
2 a 

fion of Fradions in common Arith- 
metic. 

1 -3 
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* • 3 

4 X a 



1 — 

6 ©- 2 

7± 

9x2 

8 . 10 

Tl -\- 2 ay 

12 — 2 s a 

13 + ^ 

13-T-2J 



7 
8 

9 
10 
11 
12 

x 3 
H 



a + y + — = s 
a 

aa+ay-{-2b=2sa 9 now the Queflion 
is contained in the firft and fifth 
Equations. 

\/ yy-r—a a = s — a — y 
yy — aa—ss — 2sa — 2sy-\-2ay-{-aa-\-yy 
2aaz=z 2s a -\- 2sy — 2 ay — ss . 
a a = s a — ay — - 2 £ 
2aa=z2sa — 2^ — 4. £ 
2^ — 2tfy — 4# zz 2^4-2 jy — 2tfy — js 
2lfl 4b = 2S a -{- 2 sy — ~s S 

— 4^ z= 2;; — n 
2^ = n — 4 £ 

JK = 2- =5 = AC. 

2 $ 



Queftion 97. Z? /^ y r/ % 
*»£& ABC, there is given 
the Sum of the Sides B C + B A 
+ A C = 85, the Area = 
200, and the Angle at A — 
1 24 . To find the Sides of the 
Triangle ? 

D Let s = 85, h = 200, A C 
= a, becaufe the Angle BAG 
= 124 , the Angle CADr 56°, and CD being a Perpen- 
dicular let fall on A B continued, all the Angles of the Triangle 
A CD are known, confequently the Ratio between AC and 
CD is known, for afluming C D to be Unity, or i 3 then in 
the Triangle A C D by Trigonometry, 

As the Sine of the Angle CAD - 56 : 00' - 9.918574 
Is to the Log. of the Side CD - 1. - ; o.oooooa 




So is the Radius 



90° : 00 - 10.000000 

10.000000 
9-Qi85 74 
0.081426 



To the Log. of the Side AC - 1.2 1 

Hence wc know the Sides A C and C D arq as 1.21 to 1 



Calling 
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Jtf 



m:d: : a : — = C D, as at the firlt 
or fecond Steps, Queftion 95, 

Now B A being considered as the Bafe of the Triangle B AC, 
and C D as its Perpendicular, hence by the Rule for finding the 

Area of the Triangle, BAxDC = 2^, that is in 



Symbols 


2 


da 

2. -i 

m 


.3 


And 


4 


3 + 4 


5 


S ©-2 


6 


I ©" 2 


7 


6 + 7 


8 



lb 



da 



xBA. 



lb m t>at , lb da 

zz B A, for 2 b or -~ — 

da 1 m 

~ by the Rule for Divifion 

da J 

of Vulgar Fractions. 



AD zz y/aa — for the Tri- 



m m 



angle A CD is right-angled, where 

*= AC, and — =CD. 
m 



2b m . f~ ' 
da 



*an= ba + 

mm (AD = BD 



d d a a 



\b b m m j,^b m J 
d d a a da mm 

d d a a — 2. 

+ a a ~ -TT— = BD, or BD 

(fquared 



d d a a 

m m 
4 b b m m 



m m 

-7. 



= C D, or C D fquared 
4. b m 



, «. - .,. /~ d da a 
+ ^—r- s/ aa ~ 



d d a a da mm 

J + a a = CB, or CB fquared. 

Having now got an Expreflion equal to the Square of C B, 
we muft endeavour to find another Expreflion for C B from 

fome other Data. 

Now the Sum of all the Sides is given, that is, 

9lB 
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11 — 



But 

9 . 10 
2 b m 



15 



da 
12 — tf 

13 ©" 2 

8 . 14 

Abb mm 
dda a 

16 — aa 



9 

10 

11 
12 

*3 

*5 

16 

J 7 



BC + AG + AB = s 

AC -a, and AB = 2 Jj? by the 

da 

third Step. 
^ ^ rf« 



5 - 



lb m 
17 



— * ~ BC 



s s- 



s s- 



4.1 b m . A,bma . A.bbmm 

-±- r -—2sa~\-± 1 +!!_ 

da da ddaa 

— 2. 
-\- a a = BC, orBC fquared. 

as bm , 4 b ma . Abbmm 
• — 2 sa-\-Z + 2 

da da ddaa 

, Abbmm , Abm / ddaa 

+ aa = 2— + --— \/ ^ 

ddaa da mm 

Af* a a 
4 s b m 



da 



. A b m a , 
• 2sa+— t + aa 



da 



Abm / 
= ^j— s/ aa — 



ddaa 



da 
4 j b m 
da 



— 2 s a + 



-f- # # 



4_bjn_ a 
da 



A. b m f 
d a 



ddaa 



Here the Learner may obferve that the unknown Quantity is 
under the radical Sign, and therefore as fuch Equations are 
generally fquared to take away the Surd, the fame is> to be done 
here ; but as it is a a in all the Quantities under the radical Sign, 
■we can extra6t the fquare Root of a a, and join it to the rational- 
Quantity, leaving the remaining Part of the Surd under the 



,. , «. „i A.bm J ddaa 

radical Sign, thus Z__ ^ aa — 



4 b ', 



da 



da 



dd 



Lb m J 



-_., whence the feventeenth Equation becomes 
mm 

18 I ss 
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18 X da 



l 9 



s s ' 



as bm . 4. b m a 

* — 2 s a + ^ 



\b j 



da 



•s- 



da 



del 



, by which Means 



we have faved the Trouble of fquar- 
ing the feventeenth Step. 

s s da — \sbm^ — 2 d s a a-\-\b m a zz 

A , f 77 
4 b m a y/ 1 — . 

The Equation being now cleared of its Fra£ions, it appears 
quadratic, for the Powers of a are only to the firft and fecond 
Power, and the Surd is Part of one of the Co-efficients of a. 



•I9± 



20 -r- 2^J 



20 



21 



then 

22 c D 

23 uu 2 

24 + — 



r 



2dsaa-{-^bma ^/ 1 — : — $ma — ssda 



aa-\- 



\bma\/ 1 — : — ^b ma — ss da 

mm 



2ds 
__ 4 s b m __ 2 b m 

2 d s d 



Now 



, / U 

mm 



• /$. b m — j;</ 



2^. 



22 
23 

24 

! 2 5 



being a known Quantity, and zz — 
45, put x =r — 45. 

2 Z> #2 



tf tf ■ 



- X ^7 = 



aa< 



2 bm 



, X X XX 

,x a + — = — 
4 4 

# /## 
a — — = x/ - 

2 4 ^ 

« = — ± \/ * 

2 4 



2 £ , 



2 b m 



the Equa- 
tion being ambiguous by the 2 2d Step, 
Whence we fhall find a zz 27,21 zz AC. 
And by the third Equation ~ = 17.78 = B A. 

And by the thirteenth Equations — ~~ — — # rr 40.01 =BC. 



<r/ « 



N n 



This 
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This being the raoft difficult Solution we 'hare yet had, a 
Review or Summary Account of the Operation may not be 
uiciefs to the Learner, in giving him fomc Idea how to begin 
and form a Judgment in fuch Cafes. 

Now becaufe the Angles of the Triangle A CD are known, 
we have the Ratio of the Sides given, whence affuming CD as 
known, I find a proportional Number for A C, and fromthenceh 
I can exprefs CD and AC in Symbol*, and CD being con- 
fidered as the Perpendicular to the Triangle B A C, of which the 
Bafe is B A, from the Rule for finding the Area of a Triangle, 
I obtain an Expreilion for B A ; and I exprefs A D in Symbols, 
from knowing AC and CD, and adding A D to B A, I have 
Exprefiions for B D and D C, each of which being fquared, their 
Sum is equal to the Square of B£). 

Then from fome other Data I find an Expreffion for B C, 
and becaufe the Sum of the Sides is given, and having Expref- 
fions for the two Sides BA and AC, it is eafy to find an 
Expreffion for B C, as at the thirteenth Step, which being 
fquared, is made equal to the former Square of BC, and the 
Equation is reduced, tts in the Work. 

This and feveral other Queftions are taken from Sir Isaac 
Newton, the perpetual and everlafting Honour, Ornament, 
and Glory of our Nation ; and I have only endeavoured to 
accommodate his Solutions to the Learner, in explaining them 
in a more copious Manner- 

Queflion 98. In the Triangle ABC, there is given the Altitude 
C D rz 7, the Bafe AB=io, and the Sum of the Sides BC + 
A C zz 23. To find the Sides, of the Triangle? 



C Becaufe the three Sides of 
the Triangle BAC will be 
eafily expreffed in Symbols, 
and the Triangle BCD being 
right-angled, we fhall eafily 
find to what BD is equal. 

Again, as the Triangle ACD 
is right-angled, and the Sides 
AC and CD are known in 
Symbols, therefore AD is known in Symbols. 

Now if" from BD before found In Symbols, wefubftracl: B A, 
there remains anorher Value for AD, which being made equal 
to the former, we have an Equation, which is,fufficient, if we 

ufe but one unknown Quantity. 

' And 
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And as here will be a new Method of exprefiing the Qiian- 
tities fought, 1 refer the Reader to Queftion 41, wheie at Step 8. 
he will find, that in any two Numbers, if their Difference is 
Aibftra&ed from their Sum, and the,Remainder divided by 2, the 
Quotient will be equal to the Jeffer ; and at the fame Queftion, 
if he exterminates e and finds a, or the greater Number, it will 
be equal to the Sum and Difference of the two Numbers added 
together and divided by 2. 

Therefore put x = C D = 7, b = B A = 10, c = half the 
Sum of the Sides BC + AC = 11.5 and ^7= half their Dif- 
ference, then the greater Side or BC z= c -\- a 9 and the leffer 



Side or A C 
by 47 



e. 1 



by 47 



but 
1—3 

2 .4 

5 ©• 2 



we have 

7± 
8 &■ 2 

^ — %bbca 

10 — bbbb 

j 1 — ^b baa 

1 z-r-ibcc— \bb 



13 ww 



3 
4 

5 
6 



now in the Triangle BCD 
^/cc-\-2ca-\-aa — x x ZZ BD, for 

BC = c + a, and C D = x 
And in the Triangle ACD, 

^/ c c — ic a -f- a a — n = AD, for 
AC-^ — a> andCD-A- 

B A-b 

^/ cc-\-2ca-\-aa>—-xx\ — bzn BD 
— BA zz AD 



10 
11 
12 

'3 



H 



^/ cc — zca-\~aa — xx=- y/ ' cc*\-2 ca-\-aa — xx 

— b 

cc — 2ca-\~aa — xx=zcc-\-?ca-\-aa — xx 

— 2 b \/cc-\-2 c a-x a a — xx\-\-bb 
By tranfpofing the Quantities which 

deftroy one another 
— \ca~ — 2b h /cc-\-ica-\-aa — ax: -\-bb 
7b <y c c-\~2 c a-\-a a — x x = b b-\~4.ca 
\bbcc + Sbbca -f- \bbaa — /\bbxx = bbbb 

-f- 8 b k c a -|~ 16 c c a a - 
Acbbcc ~\-\bbaa — ^bbxx z= bbbb -j- 1 becaa 
ibecaa == ^bbcc-\-^bbaa — \bbxx — bbbb 
1 1 rr tf tf — \bbaa rr 4^0: — ^bbxx— bbbb 
^bbc c — b b b h — 4 /' b xx b b 



a a 



16 cc — 4 b b 

bbxx- c r> _/- 

— - See rage 276. 

acc — b b 



a zr 






b b. 



4 c c — b b 



4 4" 

N n 2 



*■ X 



-,-3.69 

Whence 
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Whence c -f- a=z 15.19 r= BC, and*:-— a zr 7.81 n AC. 

If the Learner fhould be perplexed to fee the Contractions at 
the thirteenth and fourteenth Steps, they may be illuftrated thus 
\hhcc — bbbb — ^.bbxx^^bbcc — b bbb 4. b b x x 

"l6cc — Afbb lbcc — Abb ibcc — \bb 

for it is the fame Thing whether the Quantities that compofe th? 
Numerator, are placed fucceflively one after another like one 
continued Fraction, , or placed feparately and diftinetly, like dif- 
ferent Fractions, the Quantities that compofe the Denominator 
being placed under each diftinct Numerator. 

But j 6 cc — 4 bb) ^bb cc — bbb b I — 

\ 4 
\b b c c — b b bb 



The Quotient Quantity is b £, and as the Co-efficients of the 
Divifor are refpectively four Times m6re than thofe of the Di- 
vidend, therefore under the Quotient Quantity bb place 4, and 

— is the Quotient exact. 

4 

And this Fraftion JiLtZl- = JtlZ*—- for it is only 
l6cc — \bb \cc — bb> 

dividing the Co-efficients by 4, therefore the Contractions are 
as at the thirteenth Step. 

The Contractions at the fourteenth Step, arife from its being 

b b in all the Terms under the radical Sign, for it is only placing 

b the fquare Root of b b without the radical Sign, by which 

.bb , 1 b b . , y i 
means y/ — , or ^/ -_ is b y/ -^-. 

4 4 4 

Queftion 99. In the Triangle B C A, there is given the Bafe 
A B = 6, the Sum of the Sides AC + B C = 18, and the ver- 
tical Angle at C zz 30° : 00', To find the Sides A C *nd B C. 

Let fall the Perpendicular A D, and in the Triangle AC D, 
becaufe the An-le at C is given, all the Angles of that Triangle 
are known, and therefore the Ratio of the Sides is known, by 
which means we can get an Expreffion for CD. 

And 
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And becaufe A D is a Perpendicular that falls within the 
Triangle, and the Angle at C is acute, therefore by 13. e. 2, 
B G fquared added to A C fquared, is equal to B A fquared added 
to the Product of 2 B C x€ D, from whence we fhall have ano- 
ther Expreffion for C D. Now if we can exprefs the Sides of 
the Triangle with one unknown Quantity, this Equation be- 
tween the two Value* of C X) will be fufecieiu. 




In the Triangle A C D, becaufe the Angle at C is known, 
and AD being a Perpendicular to C B, all the Angles of the 
Triangle A CD are known, therefore afluming CD = i, by 
Trigonometry, 

fls the Sine of the Angle CAD - 

Is to the Log. of the Side CD 

So is the Sine of the Angle C D A ■ 



6o° 


: 00 


- 9-93753* 


1. 




o.ooocoo 


90 : 


: 00 


- IO.COOOOO 




10.000000 






9-93753* 



To the Log, of the Side AC - 1.15 - - 0.062469 

Hence we know that as 1.15 is to 1, fo is AC to CD. 

Then let A B = 6 ~ *, half the Sum of the Sides AC 
JL BC = 9 = b 9 and half their Difference 1= <?, then as in 
the laft Queftion, the greater Side or BC = b + tf, and the 
lefferSideor AC = £~ a, d ~ 1,15 n = 1. 

Becaufe AC is to CD, as 1.15 is to 1. 

1 Therefore 
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Therefore 


I 


7 *Z- '-* 


2 


2 — XX 


3 


lb -|- 2 a 


4 



A L G E B RA. 

dm::b 



a: nb-na = CD 



bb-{- iba+aa +b b — lba-\-aa zzxx 

+ 2b+2axCD 

2bb-\- 2a a — xx=2b + 2a x CD 
2 b b + 2a a — x x 



2b + 2a 



= CD 



The fliort Line over the two Quantities 2 b -f 2 a in the 
fecond and third Equations, fignifies they are both to the mul- 
tiplied into CD, otherwife there would be no Diftin&ion whe- 
ther CD is to be multiplied into 2a only, or all the Quantities 
on that Side of the Equation. 

Now make an Equation between the two Values of CD 
found at the firft and fourth Equations, 

2 bb -\-2a a — x x nb — n a 

2b + 2a — d~ w 

2bb^zaa^ XX T= ?' nhh '- :ihnaJ r' Lhna - m ' 2 -™z 

d 
2dbb-\-2daa — dxx~2nbb — 2naa 
2 n aaJ^2 db b+2 da a—dxx=2 nbb 
*naa+2dbb + 2daa=2nbb+dxx 
2na a+2 da a=2 n b b+dxx—2db b 
a a— 2 *t>b + dxx— 2 dbb 

2n 4- 2d ~~ 
- _ /znbb + dxx — 2dbb 

2 n -+- 2 d ^ 

Whence BC = b-\-a = 10.99 and A C = b — a = 7.01 

Queftion 100. In the Fijb Pond ABCD, there is given the 
Stde AD= 3,, DC - 35, C B = 40, and A B = 38 ; the 
Angle at A z= 113°, the Angle at B zz 6o°, the Angle at Czzi 00% 
and the Angle at D = 87°, and the Fijh Pond is to be fur rounded 
with an Area of 700, and every where of the fame Breadth. To 
pud the Breadth of the Walk ? 

Suppofing the Walk to be drawn round the Pond as in the 
Figure, Jet fall the Perpendiculars AK, B L, BM, CN, CO, 
DP, DQ_and A I, by which the Walk is divided into 
iom Parallelograms AKLB, BMNC, COPD, DQIA, 

and 



"i© 



1 .4 


5 


5 x 2 b -}- 2a 


6 


6xd 

7 -f- 2 n a a 

S + dxx 

9 — 2 dbb 


7 
8 

9 

10 


-- 2n -\- 2d 


11 


1 1 wj 2 


12 



Hosted by G00gk 



Of faking Equations, &c. 279 

and Into four Trapezia AIEK, BLFM, CNGO and 
D P H Q, and the Area of thefe four Parallelograms and four 
Trapezia is equal to the given Area of the Walk. 




N G 



c 



o 



» 



a k 

Let the Breadth of the Walk be a, and the Sum of the Sides 
AD + DC+CB + BAzr 143 = *, then the Area of the 
four Parallellograms will be == b a. Let x zz 700. 

Draw AE, BF, CG and DH, becaufe the Triangles 
AIE and AKE are equal, therefore the Angle AEK and 
A E I are equal, and each of thefe Angles ar« equal to half the 
Ande at A which is 113 , hence true Angle AEI is 56 : 30'. 

Then in the Triangle A E I all the Angles are known, and 
confequently from plain Trigonometry, we can find the Rati® 
©f the Sides EI and I A, for affuming EI to be Unity 9 or i, 
we have 

As the Sine of the Angle E A I 
Is to the Log. of the Side E I - 
So is the Sine of the Angle AEI 



To the Log. of the Side A I 



33° : 3°' - 


9.741889 


1.0 - - 


0.000000 


56 : 30' - 


Q.921 107 




9.921107 
9.74188Q 


.51 • - 


0.179218 
Hengs 
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Hence we know that A I is to EI as 1.51 is to 1. 
Then let d zz 1.5 1 and e= 1. 



Hence d : e : : c 
Triangle EI A, 
Hence 

2x2 



= E I, which being the Bafe of the 



e a a 
— x — 

d 2 



ill = the Area of th« 
2 d (Triangle E I A, and 

eaa =z the Area of the Trapezium 
4 (EIAK. 

Now in the Trapezium BLFM, becaufe the Angle B is 6o°, 
we have the Angle L F B = 30°, for the fame Reafons as before ; 
whence in the Triangle LFB, if we aflame BL to be Unity, 
or J, we fhail find the proportional Number for F L to be 
1.73 hence as 1 is to 1.73 fo is BL to LF, let/= 1.73 



Then 


4 


4-xi 


5 


5 X 2 


6 



e 2 



: a i=LF 
e 

_ aa f 



zz\ the Area of the 
2 * (Triangle B L F. 

a . a t zz the Area of the Trapezium 
* (BLFM. 

Again, in the Trapezium CNGO, becaufe the Angle at C 
is io©°> the Angle C GN is 50 , for the fame Reafon as before 7 
and affuming Unity for N G, we (hall find 1.19 to be the pro- 
portional Number for N C, whence we know that C N and 
N G are as 1.19 is to I, let £ = 1.19 



e : : a ; — nNG, which being 

g 
the Bafe of the Triangle C N G, 

111 =: the Area of the 
(Triangle C N G. 

tllzzzthe Area of the Trapezium 
g (CNGO. 



Then 


7 


Hence 


8 


8x2 


9 



e a a __ 

g 2 2g 



Laftly, in the Trapezium DPHQ^, becaufe the Angle- D 
is tt]°J the AngU DHP is 43 : 30', for the fame Reafon as 

before -> 
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before; and affuming Unity for D P we fhall find 1.07 to b e 
the proportional Number for P H, hence we know that as z .15 
to 1,07 fo is DP to PH, let s = 1.07 

as zz PA, then as before 



Then 



a 

10 X — 
2 



II X 2 



10 



II 



12 



: a : 



as 



*3 



I 



x il = _ the Area of the Tri- 
e 2 %e (angle DPH, hence 

■=: the Area of the Trapezium 

* (DPHQ. 

But it was before found that 
b a — the Area of the four Parallello- 

(grams. 



Now collect the Area of the Trapezia and parallelograms 
into one Sum, and make them equal to the given Area of the 
Walk. 



t-12+13 


'.4 


ubftitute 


15 


14. 15 


16 


l6 -r- p 


J 7 



+ ba 



a e 



17^ D 

l8 wj 2 
b 



19 — 



2p 



18 



*9 



20 



eaa x aaf.eaa. a a $ 

— T-T — - + + 

a e g e 

700 

1 + 1, the Co- 

£ e 
efficients of a a ~ 4.302 

paa-\-baz=zx 

, b a x 
a a + — z= — 

P P 

, b a . b b b b t x 

«<* + — H = r- — 

^ 4 ^ 4/>/ » p 

a+ — = v/ + — 

2j > 4/>i > i> 

„_ ./77 "T i 

4PP P 2 P 

the Breadth of the Walk. 



4-35 



Becaufe the Angles and Sides of the Fifli Pond are given, 
the Figure may be drawn ; but for the Eafe of the Numerical 
Calculation I have chofe fuch Numbers, as will not exactly 
agree with a Geometrical Figure. 

Queftion 101. In the right-angled Triangle AB C, given the 
Perimeter or Sum of the Sides AC + C B + A B =: 24, and the 

O o Perpendicular 
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Perpendicular CD zz 4.75 let fall from the Right -angle at C. 
upon the Hypothenufe A B. To find the Sides of the Triangle ? 

B Let CD = * = 4.75 AB-f^BC 

-fCA = ^~ 24, A B zr a y then the 
Sum of two of the Sides, or A C 
-J- C B = x — a y and as at Que- 
ftion 9S Jet y rr the Difference of 
the fame two Sides AC and CB* 
And becaufe the greater Number or 
p Leg is equal to the Sum and Dif- 
ference of the two Numbers or Legs 
divided by 2, as in the Jaft Queftion, 

therefore A C the greater Leg = iZ^JlZ, and B C the leffer 




Le.°; = 



x — a — y 



Having ExprefTions for AB, BC, and A C, the three Sides 
of the Triangle ABC, in which there are two unknown Quan- 
tities a and y, we muft raife two Equations from the Properties 
of the Figure, and becaufe the Triangles ABC, BCD arc 
fim'dar, therefore by 



4.^.6 
In Symbols 

whence 

that is 



hy 47 . ' •■ 1 



5 contracted. 6 



AB : BC: : AC:CD 

x — a — y x— • a -\- y , 
a : ; — J : : L_/ ; b 



ah- 



ab~ 



2 2 

xx — xa -\-xy — xa -f aa— ay—xy -j- ay—.yy 



xx — 1 x a -J- a a — y y 



And becaufe the Triangle A C B is 

right-angled, 
xx — ix a — 2xy-\-2ay -\- a a ■+ y y 



xx — 2xa-\~2xy— 2ay-\-aa-\-yy__ 



xx — 4 x a -j- 2 a a -j- 2 y y 



a a 



Hence the two Fquattons which contain the Queftion are the 
fourth and fixth, ai d as y is only to the Square in each of them, 
find in both tfce Va ue of yy. But the^fixth Equation becomes 

7 J x* 



Hosted by G00gk 



Of fohring Equations, &c. 



2$3 



7x2 

8± 

4X4 
10 + 11 

9. 11 
12 — aa 

13 + 4** 

14. + 2xa 

15 -4" ** 
16-^-4^ + 4^ 



9 uju 2 

thence 
and 



9 
10 
11 
12 

13 

H 

J 5 

16 

*7 

18 
*9 

20 



X x- 



■ 2xa + aa + yy _. aa 



xx-*-2xa-\-aa*\-yy = 2 tf tf 
j^y = tftf-f^tftf — *# 

44 £ = .v .*■ — 2 ## 4* * * — ^^ 
^j zz # # — 2 x a -\-'a a — 4. a b 
aa-\-2xa —^xx — xx — 2xa-\-aa — 4 ab 
2x a — '• x x rr x x r — 2 x a — \ab 
2 x a + 4. a b — x x — x x — - 2 x a 
4 x a -j- 4 <z £ — xx = xx 
4.xa-\~4.ab=2xx 



2 xx 



4^ + 4^ 2x-\-2b 
Now a being; found, therefore 

y = <y aa -\- 2 xa — x x zz 2, 
2 

BC = iZZiZZ£=6. 

2 



= 10 = AB. 



Queftion 102. In the right-angled Triangle ABC, given the 
Hypothenufe A B ~: 10, and the Sum of the Sides and Perpendi- 
cular C D, that «AC + CB + CP= 18.75 To find the 
Sides AC and & C ? T/A loft Figure. 

Let ABr^zzio, * zz 18.75 CD = tf, then A C + C B 
z=# — -a; now putjy — the Difference between the Legs AC 
and CB, then as in the two laft Queftions AC, or the greater 



Le 



■gis 



:—a+y 



and the leffer Leg, or C B zz . 



>a—y 



Having expreffed the Sides of the Triangle A B C in Symbols, 
in which there are two unknown Quantities a and y 9 we muft 
raife two Equations from the Properties of the Figure, and 
becaufe ABC is a right-angled Triangle, therefore 



by 47 e . 1 1 



xx — 2x a + 2xy — 2 ay ^aa-^yy 



I'ii xx — 2xa — '2xy-\-2ay-\-aa-\-yy , , 
r j— — =" 



O o a 



The 
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The two Triangles AB C and C BD being fimilar, therefore 



by 4 . e . 6 



I contracted 
4 contracted 



AB : AC : : CB : CD, that is in Symbols, 



b : 



. * — a+y . . *• 



■y . 



: # 



2 2 

^at — Ar^+^y — xa-\* aa—ay — xy~\~ay—yy 
b a : 

4 
Hence the Queftion is contained in the 

firft and fourth Equations. 
xx — 2 xa-\-a a 4- yy , , 



j xx — 2 x a -\- a a — yy 



Now in both thefe Equations find the Value of y y y there 
being no other Power of y. 



5x2 

7± 
6x4 

9 + 

8 . 10 

11 4- a a 



7 
8 

9 

10 
11 

12 



12 — XX 


*3 


13 — ix a 


H 


14 -T- 2 


15 


fubflitute 


16 


then 


*7 


17 * D 


18 


18 uju 2 


19 



1 z 

I9-+ — 

2 

by the 10th Step 



20 



21 



a/a* — 2 x a-\- a a-\-y y z=. 2 bb 
y yr=t 2 b b — a a -\- 2 x a — xx 

4 £ a = x x — 1 x a -\- a a — yy 
yyzzxx — 2 x a -\- a a — \b a 
xx — 2 x a-\- a a — j^ba zz, zbb — a a 

-f- 2 x a — xx 
xx — 2xa-\-2a a — 4 ba= 2b b~\- 2 x a 

— xx 
— 2xa-\-2aa — $.ba — 2bb-\-2xa — ixx 
la a — 4 a* a — \ba=i2bb — 2xx 
a a — 2 x a — 2 ba~ bb — x x 
Becaufe x x\s greater than bb y there- 
fore the Equation is ambiguous. i 
— z zz — 2x — 2 b zz — 57.5 
a a — % a zz b b — xx 

— zz bb — x x A 

4 4 

z y /\ % z 

tf ZZ \/ O D < # # -f~ 

2 4_ 

tf ==: — + v/^^ — x x -\- — — 4.78 

2 4 (or 52.72 

y =^^/x x — 2 xa-\- aa — 4 bazzi.gg 

Then 
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Then A C 



= *-*+i - 7 .nS and CB = **-* ~ y zz 6, 



In the above Equation where ^7 = 4.78 or 52.72 the Values 
of a muft be 4.78 for it cannot be 52.72 as the Sum of the 
three Quantities is only 18.75. 

Queftion 103. In the right-angled Triangle ABC, there is 
given the Sum of the Sides A C + B C = 1 4, and the Perpendi- 
cular CD =r 4.75 To find the Sides of the Triangle ? See 
Figure, Queftion 101. 

Let AG + BC- * = 14, AC — B C =.y the Difference 
©f the Sides, then, as in the preceding Queftions, the greater 

Side or AC = £L±2, and the lefiV Side orEC- IZL^! 

2 2 

PutABrrtf andDC = £c=4.75 

Having expreffed all the Sides of the Triangle ABC in 
Symbols, amongft which two are unknown, viz. a and y 9 we 
muft raife two Equations from* the Figure, then becaufe the 
Triangle ABC is right-angled, therefore 



by 47 . e . 1 


1 


that is 


2 


by 4 . e . 6 


3 


in Symbols 


4 


4'-" 


5 



xx-\-2xy+ yy *xx~2xy+yy 






=aa 



x x 4- y y 

ULL — a a 



.4 



Becaufe the Triangles ABC and CBD 

are fimilar, 
AB: AC : :CB :CD 

. * +y . . x — y 



\h 



ba = 



2 2 

xx — yy 



Hence the Queftion is contained in the fecond and fifth Equa- 
tions, and becaufe there are no other Powers of y but yy in either 
o£ thofe two Equations, find the Value of yy in both Equations* 



2x2 
6 — xx 

5*4 
2+yy 



x x -f- y y zr 2 a a 
y y rr: 2 a a • — x X 
^b a — x x — yy 
yy-\-/^ba~xx 



9— 
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9 — 4^^1 10 yy=xx — t^ba 

7 • 1 o IJ[ 2 # £ — x x ~ xx — 4. b & 
11+ 12 2aa-\- $ba zz 2xx 

13 c n J4 ^^ + 2 ^^ + ^^ = A, -* , +^^ 

14 iu> 2 15 tf-|- £ = ^/^.v-f-^ 

15 — b 16 <zr= sS xx -f- /> £ : — b~ 10.03 or 
negle&ing the Fraction ABr 10. 
7uw2 17 y=z^/ 2aa — 2 x zz 2 



ThenAC = l±^ = 8, andBC 



■— y _ 



= 6. 



The fame ^uejllon done in another Manner. 

Let A C + B C = x = 14, AC = j, then B C — # — *, 
CD = b = 4.75 and becaufe the Triangle A B C is right- 
angled, therefore A B rr \/ x x — 2 x a + 2 a a. 

Here we have Exprefllons for all the Sides of the Triangle,, 
with only one unknown Quantity, and therefore one Equation 
will be fufficient. And as the Triangles AB C and C B D are 
fimilar, therefore 

by 4 . e . 6 



in Symbols 
2 v 



1 - A B : A C : : C B : C D 

2 \/ oc x — 2 x a -\- 2 a a : a : : x — a \h 

3 b^/xx — 2xa-\-2aa = xa — a a 



Square both Sides of the> Equation, the unknown Quantity 
being under the radical Sign. 

3 ©* 2 I 4 bb x x — 2bbxa-\-2bbaazzxxaa 
j ! — 2xaaa-\-aaaa 
j Ranging the Equation according to the 

Powers of the unknown Quantity. 
4-i 5 a a a a. — 2xaaa-\-xxaa — 2b baa 
-\- 2 b b x a zz b b x x 

Tho ? the Equation here appears as if adfefied^ yet it may be 
refolved by compleating the fquare y as in Quadratics. 

And to give the Learner a clear Idea how this is done, if he 
fquares any three Quantities m — n — z, in the Square he 
tvJl find fix Terms, ;:z m -j-n n + zz-r- 2 m n — . 2 m z + 2nz f 

three 
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three being pure Powers of the Quantities fquared, and the 
other three will be double Rectangles, or Products of thefe 
Quantities, and therefore any Expreflion that comes under thefe 
Circumftances, may have its fquare Root extracted. 

Now aaaa is the Square of - - - a « 
And x x a a is the Square of - - - x a 

And 2xaaa is the double Rectangle, or Product of thefe Roots. 
And ib baa is the double Rectangle, or Product of bb xaa\ 
And 2 b b x a is the double Rectangle, or Product of b b x x a. 

From hence it appears that the above Equation of five Quan- 
tities has two of them, aaaa and xxaa, whofe fquare Roots 
may be taken, and that the other three Quantities are double 
Rectangles of thofe two Roots, a a and x a, and a third Quan- 
tity bb, therefore multiply this Quantity bb by itfelf, and add 
the Product b b b b to both Sides of the Equation, which makes 
it a compleat Square, thus, 

aaaa — 2xaaa + xxaa — ibbaa 4- zbbxa 
+ bbbb = bbbbJ-bbxx 





6 


6 wj 2 


7 


<]+bb 


8 


8 c o 


9 


9 wi 2 


10 


t x 

10 -j 

2 


ii 



a a — xa — bb- ^/ b b b b -\- bbTZ 
m b y/ b b -j- x x 



a a — xa-\~- 



XX 



bU+bs/bb+xx 

4 



2 4 



a = — + v/ — + ^ + £v /i * + ** 

2 4 

n 18.9 = A C, a different Value 
of what it had before, for then it 
was only 8. 

To explain this to the Learner, if he extrads the Square Root 

of a a — 2xa-\-xx, he will find it to be a — x> or x <?, 

the double Rectangle, viz. 2 ax having the Sign — we are fure 
either a, or x rauft be negative ; but in this Cafe we are to de- 
termine which is to be negative by the Confequences that follow, 
for if there follows an ImpcfTibility in fuppofing a — x to be the 
Root, then the Root mult be x — a. 

To apply this to the Square before us at the fixth Step, viz. 
aaaa — zxaaa •{■ xxaa — 2b b a a -\- %bb x a -\- b b bb. 

3 Now 
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Now the fquare Root of a a a a is 
And the fquare Root of xxaa is 
And the fquare Root of b b b b is 



RA. 



a a 
x a 
bb 



But as 2 x a a a the double Re&angle, or Product of a a x x a 
has the Sign — , therefore it muft be in the fquare Root either 
a a — x a, orxa — aa\ but as an Impoflibility attends putting 
it a a — x a y we now put it xa — a a y and to determine what 
Sign b b muft have in the Root, now the double Product 2 bbaa 
having the Sign — , therefore it muft be -4- b b or b b, as 
2 b b X — a a produces — 2 b b a a, then taking the 

a a a a — 2x aa a -)- x x a a — xbb a a 

-\-2bbxa+bbbb— bbbb-\-bbxx 

xa — a a -\- bb ~ ^/ bb bb -f- b bxx 

— b^/ bb -J- x x 
Becaufe a a is negative tranfpofe it, 
a a + b^/bb + x x =z xa -\-bb 
a a — xa-^b^/bb-^-xx — bb 
10' — b^/Ob-^xx II aa — xa^zbb — b ^/ bb -\- xx- 

Here the Equation appears quadratic, and becaufe — b^/bb+xx 
is greater than b b, it is like wife ambiguous. 

aa — xa\— ■=: —-{- bb—b^Jb+xle 

4 4 



fixth Equation 


7 


7 uw 2 


8 


S + aa 


9 


q — x a 


10 


— bi/bb4-xx 


ii 



ii c u 


12 


12 ujj 2 


*3 


"+: 


H 



tf- 



. -|-££ — b^/bb-j-xx 



fx x 



2 4 

= 7 + 1.11= 8. 11 or 5.89 zz AC 

Que ft ion 104. 7tf the right- angled Triangle ABC, there is 
given the Sum of the Legs AC-f-BCzr:i4, and the Sum of the 
Hypothenufe and Perpendicular AB-fCD= J 475 To find 
the Sides of the Triangle ? See Figure, Queftion 101. 

Let AC-fBC=i4 — x , A B+CD= 14.75 = ^ AC ^za 9 
ABzzy, thenBC-* — a, andCD=£ — y. 

Having now expreffed the Sides of the Triangle in Symbols, 
in which there are two that are unknown, therefore raife two 
Equations from the Properties of the Figure, 

And 
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And becaufe the Triangle ABC is right-angled, therefore by 
47 ^ • I J I \xx — 2xa -f- zaa zzzyy 

And becaufe the Triangles ABC and CBDare fimilar, 
therefore by 



4 e . 6 
in Symbols 
3- 



2 

3 

4 



AB: AC::BC:CD 

y : a : : x — a : b — y 

},y yy ~ X d Q <2 



Now both the unknown Quantities being to the firft and 
fecond Power, in the fourth Equation, and it being y y only in 
the firft Equation, and thefe two Equations containing the Con- 
ditions of # the Queftion, find the Value of yy in each Equation, 

yy~by-\-aa — x a 

b y -\-aa — x a r: x x — >2x a -\~l qq 

by — x a r= x x — 2 x a -}- a a 

by ~ xx—^xa-\-aa 



4± 

i -5 

6 — aa 

"] -\- xa 

8^-b 



5 
6 



xx-!~ x a -\- aa 



Raife this Equation to the fecond Power, and make it n to 
the firft Equation, as there it is only yy ; whereas in the fourth 
Equation, if we were to exterminate y, we muft ufe the Values 
of y and y y. 

_ xxxx— -2^^.v^4- ? ^^ rA ' — 2aaax+aaxx-\-aa<?a 



9©"2 
I . 10 

Ii Xbb 



10 



II 



12 



yy 



bb 



xxx x — la xxx -}- laaxx — la a ax -j- aaxx-\-aaaa 

— _ 2= 

xx — 1 x a -\- % a a 
xxxx — 2axxx-\-2aax>; — 2 a a a x-\~aaxx -\-aaaa 
zzz x xbb — ibb x a + 2 b b a a 



Tranfpofing and ranging the Equation, according to the 
feigheft Dimenfions of the unknown Quantity, 

I2 i I *3 I ^oaa — 2xa aa-\-2aaxx — 2 b b a a -\- a a x x 
J j — 2#a x x + ibbxa -f- xxxx— xxbb r= o 

Tho' the Equation now appears to be adfeftedj yet the fquare 
Root may be compleated, as in the lait. 

To fhow the Learner how this is to be done, if he fquares any 
four Quantities, (jjpr the Root of the above Equation will confift 
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of to many Quantities) he will find ten*Terms in the Square, 
four of which are pine Powers of the Quantities that were 
fquared, and the other fix will be double Rectangles of thofc 
Quantities, of which each particular Root will conftitute a Part 
of three of the Rectangles. 

Now in the above Equation a a a a, a a x x 9 x x x x y 
Are the Squares of - - a a, a x, x x y 
And the Quantities - - 2xaaa y 2aaxx 9 2axxx, 
are the double Re£tangles of thofe Parts, or Roots. 

And by examining ibbaa^ nbbxa, xxbb y the remaining 
Terms in the above Equation, the firft two are double Rec- 
tangles of b b y>aa and bbX ax, but the laft Term is only a 
Jingle Red-tangle of b b x x #, therefore to compleat the Square 
there wants — x x b b y which when added to — x x b £, will 
make that a double Rectangle of b b x x #, and as we h§ve no 
piure Power of b b, which being fquared is b b b b> hence if we 
add — bbxx-\~bbbb to our Equation, we fhall make it a 
Square, therefore 

14 aaaa — 2.x aa a -}- aaxx — 2b baa -f- aaxx 
■ — 2axxx-\-2bbxa-\-xx xx — 2xxbb 
-\-bbbb zz bbbb—x xbb 

Before we proceed, perhaps the Learner might have obferved 
that x x b b is the Square of xb, and therefore might fuppofe 
that to be one of the Roots, but then he will find x b to make 
a Part only of two of the Rectangles, whereas, if it had been 
one of the Roots, it would have made a Part of three of the 
Reclames. Befides, if xb had been one of the Roots, it muft 
have had the Sign -f- in the Square, by Art. 34. 



a 



14 wj 2 I 15 



a a — a x\x x — b b ~ ^/b b b b — x xbb 
= b^/ b b — xx 

The Manner of extracting the Root is thus, I firfl: extract the 
fquare Root of a a a #, which is a #, then the fquare Root of 
a axx\ the next pure Power is ax 9 and to determine whether 
a x muft have the Sign -f- or — , obferve the Sign of the double 
Rectangle of thefe two Roots, viz. of 2 x a a a> which becaufe 
}t i s — 5 I therefore in the Root make it — a x. 

The next pure Power is x x x x 9 whofe Root is x x, then 
obferve the Sign of the double Rectangle of this and one of 
the two former Roots, as of 2 a a x x> which- being -+, and the 
Root a a being +, therefore in the Root make it -j~ x x. 

The 
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The laft pure Power is b b b b y whofe Root is b b, then obferve 
the Sign of the double Re&angle of this and one of the former 
Roots, as the laft Root x *, but the double Redlangle of thefe is 
2xxbb, which being negative, and the Sign of xx being -[-, 
therefore place the Sign — before b b. 



15+** 

16 — xx 

17 c D 



l8 mi % 
1 x 

•9 + - 



17 
18 



19 



20 



16 tf# — a x-\-xx — b b-^-byS bb — xx 



+ 



a a — >a x zz bb — x x-\-b ^/ b b — xx 

— = b b — i 

4 4 

b^/bb — xx, for — 
4 



.##:= — .£ — . 
4 



a——~*^/bb- 
2 



3** 



{-b ^/bb — xx 



a-~+^/bb 



?> XX 



^b^/bb—xx 



= 18.79 = A C, which is impoflible, for A C + B C = 14 by 
the Queftion, confequently A C cannot be 18.79 

This impoflible Conclufion is owing to taking the Root of the 
Equation at the fifteenth Step, for as — a a x — aa produces 
aaaa, as well as a a x aa 9 therefore in the Extra&ion of fuch 
Roots, it is doubtful whether the Root is — a *, or a <f , let ui 
now make a new Extraction, and fuppofe it to be — a a. 



141W 2 21 



_ aa-\-ax — xx + bb ■=> \/bb bb — xxbb 
== by/ bb — xx 

Having fuppofed the Root of a a a a the firft pure Power 
to be — a a, I go to the next pure Power, which is a a x x % 
whofe Root is ax ; but to determine its Sign, obferve the Sign 
of the double Reclangle of thefe two Roots, viz. of 2 a a ax, 
which being—, I therefore make it + a x, as — into 4- 
produces — . 

The next pure Power is x x x x, whofe Root is x x % then 
obferve the Sign of the double Re&angle of this, and either of 
the two former Roots, as of a #, now the Sign of 2 a x x x is — , 
therefore in the Root make it — x x, tor + axX — xx produces 



a x x x. 



The laft pure Power is b b b b, whofe Root is b b, and obferve 
the Sign of the double ReHangle of this, and either of the other 
Roots, ai fuppofe the laft, the double Redangle of thefe two 

P p 2 Roots 
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Roots is 2 b b x #, which being — , therefore make it + b b> as 
—•** xbb gives — x x bb. 
Nowtranfpofe aa 3 it being negative. 



21 + aa | 22 



22 — b^/bb — xx 23 
23 — ax ' 24 



tftf + b<y bb — •vtfizrtf.y — #.*■-}-££ 
aazzbb+ax — xx — b^/bb — xx 
aa — ax — bb — xx—b^bb — xx 



H ere the Equation is quadratic^ and becaufe x x 

b iS bb—xxl$ greater than b b> it is therefore ambiguous. 



24 (r q 



2s Wi 2 



£6 + ~ 
2 



25 
26 

27 



4 4 

a—-zz s /bb—lZl — b s /bb — xx 
2 4 

* 4 



^ = 14 
# = 14 



56 
14 



# # = 196 



J = 14-75 
b = 14.75 

7375 
10325 

5900 
'475 

217.5625 = bb 
— 196 — — xx 



21.5625 = (4.64 = ^/bb — xx 
16 



86) 556 
516 



924) 4025 
3696 



329 



14-75 
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14.75 = * ** = 196 



4.64 r 


= s/bb — 


XX 






5900 
8850 










5900 










68.4400 


= b K /bb- 


— XX 




147. 


_3xx 


- 


+ 




4 








2X544 


-by/bb' 


— XX 


■I x* 

4 


217.5625 


= bb 









4)588= 3** 

■ixx 

147 = i_ 



3** I y-i. 1 

—215,44 =— ^---h^bb — xx 



2.1225 (146 ncarcft = \/bb — ^ 
1 



= ./*-^-'v/"-~ 



24) 112 
96 



286) 1625 



±i46 = y/**-^"*^^-* y 

8.46 = a = A C. 
or 5.54 = « = AC. 

But if a = 8.46 then by the ninth Step> = ** . ~V * "*" , f * 



AC = 


= 8.46 
= 14. 




3384 
§46 



8.46 
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8.46 = a 
8.46 = a 



5076 

3384 
6768 



71.5716 = * a 
196 —xx 



267.5716 = #a-|-.v.v 
— 118.44 =: — a x 

b = 14.75) 149.1316 (io.n =/=AB. 
1475 
1631 

1475 



1566 

1475 



9 1 
Becaufe * = A C = 8.46 therefore B C == x — * a zz 5.54. 

That thefe are the three Sides of a right-angled Triangle may 
be tried, by fquaring and adding them, to fee if they agree with 
the Property of the Figure. 



S-54 
5-54 


IO.II 

10.11 


8.46 
8.46 


2216 

2770 
2770 


ion 
ion 

IOIIO 


5076 

3384 
6768 


30.6916 
71.5716 

102.2632 
102.2121 


102,2121 


71.5716 



.0511 the Difference which arifes from the Inaccuracy 
of the Fractions. 
But if theJaft Proeefs is too perplexing, the fame Quejlion may 
be done otbervjife, thus, 

Let 
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Let AC + BC~i4 = y, and a — the Difference between 
A C and B C, whence, as in the former Queftions, the greater 

Leg or A C = * + ", and the lefler Leg B C = *JZl. 
2 2 

Again, put AB + C D =: 14.75 = ^> and the Difference be- 
tween AB and CD~ j, then for the Reafons already men- 
tioned A B = i±2, and C D = tzl. 



Now becaufe the Triangle A C B is right-angled, 



by 47*. 1 



x x -\-2. x a -\- aa 



•2 x a -f- aa 



__ hb -f- iby 



-yy 



Becaufe the Triangles AC B and BCD are fimilar, therefore 1 



by 4 e . 6 


2 


in Symbols 


3 


3'-' 


4 


from the flrft 


5 



AB : AC: : BC:CD 

^~hj . x-\-a m x — a b- 

2 2 2 

b b — v v x x — a a 

/ y ; — - -■ / 

4 4 

.x* .v-|- # tf ££ -f~ 2 ^y ~\- y y 



. or bb — yy~xx • 



-aa 



The Queftion being contained in the fourth and fifth Equa- 
tions, and there being no other Powers of a but a a in both thofe 
Equations, exterminate that unknown Quantity. 



4± 
5 x-4 

7 — 2 X X 

8 + 1 



10x2 

11 — yy 

12 + 2b b 

13 — 2 XX 

14 — 2 £y 

I 



10 

II 

12 

*3 
14 
*5 



a azz. xx -\-yy — bb 

2 x x -f- 2a a ~ bb -J- 2^^ *4-y_y 

2tftf~£^-f-2^j'-|-yj> — 2 # # 

£ Z> -f- 2 £y 4- yy — 2 tf # 

« ^ ~ ■ — 

2 

« /7~^ ^4~2 £ y-f-y y — 2 ## 

2 
2#.* , -{-2yy — 2^ = bb-\-2by-\-yy — 2x x 
2x x-\-yy — 2bb = bb-{-2 by — 2xx 
2xx-\-yyzz3 bb -\-2by — 2xx 
yy=z^bb + 2 by — 4 x x 
yy — 2by ~ 3b b — $xx 

Here 
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Here the Equation is quadratic, and fince — • 4 x x is greater 
than 3 b b it is ambiguous. 

yy — 2by-\-bb=zbb+3bb— 4.x x 
= 4 b b — 4 x x 

y — b = ^/j\.bb — 4 xxz=2^/ bb — xx 
yzzb + 2^/bb — xxziL I4.75 + 9.3 
= 24.05 or SA5 

But y cannot be 24.05 for the Sum of the Legs is only 14. 75 
therefore^ = 5.45 



15c □ 


16 


l6 uu 2 


l 7 


17 + b 


18 



then by Step 6th | 19 | a = ^/ xx + yy — b b r= 2.85 

Then AB=z *+^~ 10.1 AC = ^= 8.42 BC- 
2 2 

_ -. = 5.57 which three Numbers nearly agree with the 

2 
Property of the right-angled Triangle, but not exactly, becaufe 
of the Imperfection of the Fractions. 

The Reader may obferve, that in feveral of the Geometrical 
Queftions, after Letters are put for one or more of the unknown 
Quantities, we then get Expreffions for the other Parts of the 
Figure from its Properties, and therefore avoid ufing a greater 
Number of unknown Quantities, and in general the Solution of 
Queftions are more neat and elegant, the fewer unknown Quan- 
tities are ufed in the Work. 



The Method of refohing ^uefions y which 
contaifi four Equations^ and four u?i- 
kmwn Quantities. 

72.TT|T"HEN the Queftion 1 contains four Equations, and 
y V there are four unknown Quantities in each Equation ; 
find the Value of one of the unknown Quantities in one of the 
given Equations, and for that unknown Quantity in the other 
three Equations write this Value of it, which then reduces the 
Queition to three Equations, and three unkflown Quantities. 

Then 
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Then find the Value of one of thefe three unknown Quan- 
tities in one of thefe three Equations, and for that unknown 
Quantity in the other two Equations write this Value of it, 
which reduces the Queftion to two Equations, and two un- 
known Quantities. 

Then find the Value of one of the unknown Quantities in 
each of thefe two Equations, and making thefe Equations equal 
to one another, we fhall have an Equation with only one 
unknown Quantity, which being reduced, will answer the 
Queftion. 

Queftion 105. A Father gave 1000 1. to his four Sons 
A, B, C, D. 

If A'i Share was added to twice Ws Share , from which Sum 
fuhjlrafting twice Cs and D's Shares, there remains 650 
Pounds : 

And if from A'.? Share there is fuhJlraBed three times B'x 
Share, to the Remainder adding twice C*s Share, from which 
Sum fulfirafiing five times DV Share, there remains 400 Pounds : 

But if to A's \Share there is added four times Ws Share, from 
which Sum fubjl Watting three times C's Share, and to the Remainder 
adding fix times D'j Share, the Sum is 1150 Pounds. How much 
had each Son ? 

Let a = A's Share, e — B's Sha*e, y — C's Share, u zz D'$ 
Share, s = 1000, m = 650, n = 400, £ := 1150. 



from the firft 
5 -2 
5 -3 
5 -4 



the 
left ion. 



a+e+y+*zzs -) 

a + 2*— - 2y — 2u=zm I By the 

a — 3*-{-2y — 5« = « {Qucfti 

a -\- 4-e — 3y + 6 tt = b J 

a zz s — u — y — e 

s J r e — zy—3 u ~ m 

; — * 4 * -f- ^ — 6 u ~n 
s+2e — ±y + 5u = b 



Here the Queftion is reduced to three Equations, and three 
unknown Quantities. 



from the fixth 
9-7 
9 



8 



9 

10 

11 



e ~ m + $u+ iy — s 

s — ^ m — ia«-^i2y-^4r-f^ — tuzzn 



Here the Queftion is reduced to two Equations, and two 
unknown Quantities. 

Q^q 10 con- 
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*9S 

j;o contracted 
II eontra&ed 


A 

*3 


from the twelfth 


«4 


from the thirteenth 


»5 


14-15 


16 


16 x 


'7 


17 ± 


18 


l8 -r- 6^4 


r 9 


then by Step 15th 


20 


and by Step 9th 
and by Step 5th 


21 

22 



L G E B RA. 

S-f — 401— i8tf— ir^ r: * 
— 2j+3^+ 14 " + 5^^: b 
y = S J "--4^~ 18 u — n 

II 
y ._ i + 2 j — 2 m — *4* 

A. 5 

o+ls—'Srn—Hu __ 51— 4^/— 18^^^ 

— 90 u — 5 n 
64* = ub— 3 s ~ l l^ + S n 
u = "*— 3"-i3M+g» = 50f 
64 the Share of D. 
jJt + l'-lm-Hu - J0< ^ 
5 the Share of C. 
^= w +3"+-3^— i=ioo, the Share of B. 
tf=j— u— y—ezzjso, the Share of A. 

And in the fame Manner may any other Queftion in the like 
Circumftances be anfwered. 

I (hall now add a few Queftions of a different Nature, and 
fuch as are generally firft propofed to Learners, but as they 
require a little more Sagacity to exprefs their Conditions, have 
hitherto been avoided, imagining the Learner is more per- 
plexed to exprefs, or find out the Equations refulting from fuch 
Queftions, than to refolve the Equations ; and therefore they 
were thought not fo proper at the Beginning of this Work. 

Qyeftion 106. A Perftn bought two Horfes A and B, which 
with the Trappings coft 1 00 Pounds: 

Now if the Trappings were hid on the Horfe A, both Horfes 
were of equal Value .• - " J 

But if the Trappings be laid on the Horfe B, he will be doubli 
the Palue of the Horfe A. How much did each Horfi coft ? 

Let b = 100, a = the Value of the Horfe B and Trappings, 
the n b— a = the Value of the Horfe A. 



^ Now becaufc the Horfe B and Trappings arc double the 
Value of the Horfe A> 

herxe 
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hence J 1 j a rz 2 b — 2 a by the Quezon. 
1 -\-2a 2 $a zz 2b 

2 + ~ 3 3 a~ 2 ±~z 2 -21s 66.1 Pounds, the 
3 3 3 

Price of the Horfe B and Trappings. Confequently 100 — 66 ~ 

3 

^ 33 — Pounds, the Price of the Horfe A. 
3 

But to find what the Trappings coft, and by that Means to 
find the Price of the Horfe B, lety = the Price of the Trappings. 

Now the Trappings taken from the Horfe B, and laid upon 
tht Horfe A, both Hoifes being then of equal Value, 



therefore 
1 +y 



2 — 33 — 
3^ 

3^-2 



33-+J = 66*-, 
3 3 

33 L+2yZz66± 

3 3 

3 2/=33~- 

4 y as ii> — Pounds, the Price of the 
3 (Trappings* 

Confequently 33 — + 16 — z: 50 Pounds, die Price of the 
3 3 

Horfe B. 

Queftion 107. A Labourer in 40 Weeks Labour favcd 28 
Crtwns — the Pay of thrte Weeks y vnd found he had fpent 36 
Crowns -\- the Pay of eleven Weeks* How much did he receive 
a Week? 



Let a zz his weekly Pay. 

Then he had faved Crowns 
And fpent Crowns 



28— 3^ 

" 3^^ ll a 
64+ 8a 

And as the Sam of thefe two muft be equal to what he re- 
ceived for his forty Weeks Labour, 

therefore J 1 , 40 n = 64 + 8 a 
I — 8*1 2 32 <? = 64 
2 ^- 32 I 3 a = 2 Crowns, his weekly Pay. 

Q^q 2 Quvftion 
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Queflion 108. A Servant was hired for 12 Months, for which 
he was to have 24 Pounds with a Cloak; when he had ferved 8 
Months he has Leave to go away, and in/lead of his Wages receives 
a Cloak and 13 Pounds. How much did the Cloak coj ? 

Let a z=2 the Price of the Cloak, b = 12, d = 24, m~= 8, 
* = I3. 

Now //-J- a is what he did receive for ferving eight Months, 
And as the Pay for eight Months was proportional to what 
he was to receive for twelve Months, therefore, 

d -f- a : b : : x -|- a * w 
When any four Quantities, or Num* 
herd, are in Geometrical Propor- 
tion, the Produd of the Extreams 
and Means are equal, 
% md -f. ma-=. bx -\- b a 

3 ba—»ma—md — bx 

4 # = m ~ ., = 9 Pounds, the Price 
* — ** of the Cloak. 



therefore 
£-~b — m 



Queflion 109. Then is a Footman A, who goes 6 Miles a 
Day, and 8 Days after B follows him and goes 10 A///# d Z)^y. 
In how many Days will B overtake A ? 

Let b = 6, ^ = 8, mzz io 9 a n the Number of Days B 
travels to overtake A, then as A begun to walk eight Days 
before B, 

Heyice the Number of Days that A travels, is - d -J- a 
And the Number of Miles A travels, is - b d 4- b a 

And the Number of Miles B travels, is - * ma 

But when B overtakes A, they mull have travelled an equal 
Number of Miles. 

1 mazz. bd*\- ba 

2 m* — b azzb d 

a = — — -n 12, the Number of Days 
m *— p * 

required, or the Time in which B 
I will overtake A. 

Queflion 



Therefore 
1 — ba 

$ -r* m — b 
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Queftion wo. If a Scribe can in 8 Days wriu 15 Sheets, 
How manyfuch Scribes can wriu 405 Sheets in 9 Days ? 



Let a == the Number of Scribes, b zz 8, ^ : 



I5> m = 405, 



Then 


1 


and 


2 


hence 


3 



b:d::n: — the l^umber of Sheets the 
b 

Scribe can write in nine Days. 

— : 1 : :m : — = the Number of Scribes 
b dn 

to write the 405 Sheets in nine Days* 

bm 

Tn 



bm _ 3240 



24, the Number 
J 35 (of Scribes required. 



Queftion ill, A can do a Piece of Work once in 3 Weeks, B 
tan do it three times in 8 Weeks, and C can do it jive times in 
12 Weeks. In how long Time can they do it jointly ? 

Let a = the Tim* required, b zz 1, d = 3, g = 8, n = 5^ 
771 ~ 12, the Number 3 occurring twice, I puc only d fox it, 

d:b::a:if, the Part of the Work 
d 

that can be done by A in the Time 

fought* 

g: d: : a : J?, the Part of the Work 
g 
that can be done by B in the Time 
fought. 

m:n::a: — f the Part of the Work 
m 

that can be done by C in the Time 
fought. 

And as thefe three Parts are to be equal to 1, or one Work, 



Then 


1 


and 

i 


2 


and 


3 







therefore 
whence 



4 

s a- 



\ a , da %na 

— -f — T *• 

d g m 



i + l+iL JL+3. + J. 

d g m 3 '8 12 
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by reducing the Fraaions 1 -f- 1 4. 1 to a common Den*. 

3 o 12 
minator, and adding and abbreviating them, we fliall find 

JL + 3 j. ! - 9. 
3 .8 12 8 

i 8 

Whence a — — = - of i Week, by the Rule for Divifion 

1. 9 (of Vulgar Fraaions. 



If the Week corrfifls of 6 Days 
8 



9) 48 (5 Days 
45 



And the Days con fiftof 12 Ho urs 

9} 36 {4 Hours, that is, they will pef* 
36 form the Work in five Day* 

four Hours. 

Or the Equation _ + — + — r= 1, may be reduced thus : 
g g ™ 



g m 



4 X d 


6 


6X; 


7 


7 X m 


8 


«-*■ 


9 







gba + dda+lilZ-gd 



m 



mgba^ mdda -f- gdn ~ mgd 



in gb + mdd + g dn 

Q 

r= — of a Week as above. 
9 



324 



73. Having in this «afy familiar Manner, by genera! and 
liniverfal Rules, explained to the Learner the Elements of this 
celebrated Science, it may not be improper to raife his Curiofity, 
and animate him to exercife his Judgment in the Choice of 
Quantities for the Solution of the fame Quefiion, to give an 
In-ftance how much the Solution of Queftions becomes more neat 
and elegant, by a judicious Choice of reprefenting the unknown 
Quantities. The Queftion and its Solution is from the ingenious 
Mr. John Ward'; Young Mathematician's Guidt. 

Queftion 
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Queftion ill. A Man play mg at Hazard, or Dice, won the 
fir ft Throw jujl fo much Money as he had in his Pocket; the fecond 
Throw he won the fquare Root of what he then had, and five 
Shillings mare ; the third Throw he won the Square of all he then 
had\ after which his whole Sum wa? ii&l. 16 s, od. What 
Money had he when he began to play?, 

Suppofe 1 a z=z his firft Sum. 

then 2 2 a == his Sum after the firft Throw, 
and 3 ^ 2 * : 4v5 =1 hw Winnings at the 
fecond Throw. 
2+3 4 \/ 2 a : -f- 2 a -{- 5 =s his Sum after 

the fecond Throw. 
4 ©- 2 5 2a-{- 4a y/ 2fl+ 10^/20 + 4. a a 
+ 20 + 25 = his Winnings at 
the third Throw. 
4+5 6 24« + 4<x v /2|3 + ir 1/214-400 
j -j- 30 = 2256 Shillings. 

Now to avoid thefe furd £>uQntities y let us make a fecond 
Suppofition; thus, 

Let 1 %aa~ his firft Sum. 
then 2 4 a a = his Sum after the firft Throw, 
and 3 2 <z 4* 5 = his Winnings at the fecond 
Throw* 
2+3 4 \aa -f 2 <* + 5 = his Sum after the 

fecond Throw. 
4 ©- 2 5 16 a aaa 4- 16 aaa -±-40 a a + 20 a 
+ 4 # <z + 25 z: his Windings ac 
the third Throw. 
4 -f- <; 6 lb aaa a-\* 16 aaa -\- 4% a a -\- 22$ 
4- 30=1-256 

But to avoid thefe high Equations, let us make a third Sup- 
pofitiojn; thus, 



Let 


1 


then 
and 


2 
3 


2 + 3 


4 



— = his firft Sum. 
2 

<7 a = his Sum after the firft Throw. 
a + 5 = nis Winnings at the fecond 

Throw. 
a <* + a 4- 5 ~ his Sum after the feqond 

Throw. 

But 
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But as it Was the Square of a a -f- a 4- 5 he won at the third 
Throw* to avoid the Trouble of fquaring it, 
e == a a -J- a -f- 5 
e e rz his Winnings at the third 

Throw, confequently, 
e e -f- * •= 2256 Shillings 
' * + e + °- 2 5 = 2256.25 
< + 0.5 = 47.5 

* = 47. Becaufe at the fifth Step * was 
fubftituted for # <z -f- a + 5 

a a -f- d = 42 

* # -f" * + °* 2 5 = 42.25 

* + 0.5 = 6.5 

— zz 18 Shillings, the Money he had 
2 (when he firft began to play. 



fubftitute 
then 

5 + 6 

8 OJU 2 

9 — 0.5 

5 . 10 
11 — i 

I2£ D 
I3-u«2 

H — 0.5 
whence 



5 
6 

7 
8 

9 

10 

11 

1-2 

*3 
*4- 
15 
16 



The Learner will eafily obferve, that the third Solution is 
more neat and elegant than either of the other two ; tho' I 
know of no general Rule that is given for the Choice of the 
Quantities to ftate the Queftion, bat it is left to the Judgment 
and Sagacity of the Reader, and as fuch Methods muft be 
attended with particular Difficulties to a Learner, I have avoided 
the perplexing him with them; but as he has now a general 
Method of folving Equations, he may exercife his Judgment at 
fcis own Difcretion, in the Choice of different Quantities to 
reprefent the fame Queftion. 



The Method of exprejjing the Power of 
any Quantity y by placing a Figure 
over it. 

74.rTT*HERE is a more compendious Method of exprefling 

X. the ni g n Powers of any Quantity, than writing 

them at length, by placing a Figure over the Quantity thus, 

4 3 * * 3 . 

a is a a a a, and a is a a a> and a is a> and a b is a a b b b 9 

that is, the Figure that ftands over the Letter fliows to what 

2 Powet 
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Power that Letter, or Quantity, is involved, which Method of 
Notation is generally ufed when the Powers are high. The 
Figures placed over the Quantity are called Exponents. The Mind 
being a little accuftomed to this Method of Notation, will as 
eafily manage an Algebraic Procefs, when the Powers are ex- 
prefTed by Exponents, as if they were repeated at length ; and for 
the further Eafe of the Learner, in this Method of Notation, ue 
will refume the Solution of Qtieflion 90, cxprefling the Powers 
by Exponents, that the Learner may compare both the Opera- 



tions together. 



1 + ' z 

3 — m 
2 — e 

4- 5 
6 4-* 
y~a 

8 + m 

9 — a x 

10 ©-2 
2 . II . 10 

11 in Numbers 
13 contracted 

13— *4 
* 15 + 2^3 

16 + 188 a z 
17 — 187 a 



a*- -\- a — e % == m' 
e z -\- e — 2 a 



to find a and <r. 



a x ~(- a z= m -j~ e z 

a % -{- a — m ~ e* 

e % =r 2 a — e 

a* -J- a — m ~ 2 a — e 

a 1 -}- a — m -\- e ~ 2 a, 

a z — m -f- e zzl a 

a x -\- e — a -\- ?n 

e ' = a -\- m - — a % 

e z =a t -\'2a?n-{-tn t — <2a* — 2 ma 2 -\-a^ 

a z + 2am + m z — 2a* — 2ma % + a\ + a 

-f- ?n — # z = 2 a 
188^+8836 — 2*3_ 188^ + *4-f- a 

4-94 = 2* 
187* + 8930 — 2*3 — 188 a x -* r a* — o 
— ** m 187J + 8930 — 2#3 — 188 a % 
—ai-\- 2tf* = 187* + 8930— 188 ** 

— b* + 2*3 + 188^ = 187a -f 8930 

— a*-f 2fl ? + 1 88 ** — 187 ^7 = 8930 



In the fame Manner the Learner may attempt the Solution of 
any of the other Queftions, exprefling the Powers by Exponents : 
One Thing is to be carefully obferved, that the Exponent belongs 
only to the Letter which ftands under it, and when it is only 
Unity, or i, it is never fet down, like the Co-efHcient when it 
is Unity only, it is generally omitted in the Expreflion. 



R r 



Tbi 
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He Method of Mowing if a ^uefion is 
I'mitedy or admits but of one Anfwer ; 
or if it is indetermined^ that is, , admits; 
of fever al Anfwer s. 

IS* HP H E Queftion being dated, that Is, all the Equations 
X being expreffed which are neceffary for the Solution 
of the Queftion, then if there are more unknown Quantities 
than there are Equations ^ the Quedion admits of a Variety of 
Anfwers, and is therefore unlimited or indetermined, ex, gr. 

SUP And * + > = 20 } t0 find a > e > and '• 

Here there are three unknown Quantities, and only two 
Equations. 

Now e being in both the given Equations, you may fuppofe it 
any Number under 20, the leaft of the two given Numbers, as 
for Example fuppofe e zz 16. 

Then the n*rft Equation is a -f~ 16 ~ 40. 
And the fecond Equation is 16 +jr rz 20. 

From whence it will be eafy to find a and y y but if e is fupr 
pofed any other Number under 20, then there will be found 
different Numbers for a and j', and the like of any other Que- 
jiion, where the Number of unknown Quantities, are more 
than (he Equations which arife from the Quefrion. 

But when the Number of given Equations arc juft as many 
as the unknown Quantities required to be found, then the Que- 
ftion generally admits but of one Anfwer, for then each of the 
Quantities fought hath generally but one fingle Value, thus aaf 
at Queflion 80, where we have 



a -f- e -\- y ~h zz 18 
a -|- 3 e — 2 y zr m = $ 
a + 4 J — 2e = p zzz 21 



Where a ~ 5, ^- 6, and y == 7. 



But 
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But when the Number of given Equations exceeds the Number 
4f Quantities fought^ they not only limit the Queftion, but often 
render it impojfible, as one of the Equations may be inconfiftent 
with another s as for Example, 



_ t .. r e = 16 1 
2 J a e =z 48 > to find a and e. 
-e ~ 22 J 



1 J a-\~e = 16 

2 J a 

3 I* 



^ Now here are three Equations, and but two unknown Quan- 
tities, and the firft and fecond Equations include a poffible Cafe, 
and it may be found what the Numbers are. 

And if we take the fecond and third Equations, they like- 
wife include a poffible Cafe, for it may be determined what thofc 
Numbers are. 

But all three Equations together render the Cafe impoflible, 
the firft Equation being incompatible with the third, as the Sum 
of two Numbers cannot be lefs than their Difference. 



To raife or inve?tt a Method to extraEi the 
Cube Root. 

76. np HIS is no more than the Method of Converging 
X Series applied to the Solution of an Equation, one Side 
of which is the unknown Quantity* and is a pure Cube, or 
raifed to the third Power only, ex. gr. 

Suppofe aaaz=L 926 r, where 9261 is a Cube Number, now 
to find what d, or the Number is that being cubed will produce 
9261, is to extracl the Cube Root of 926 1. 

By the common Method of diftinguifhi ng of how many 
Places the Root will confift, by placing a Point over the^ 
Place of Units, and another over every third Figure, the Root 
will confift of two Places, therefore fuppofe the Cube Root 
to be ■ - - - « 20 

20 

400 
20 



8000 which being lefs than 
9261 the given Number, the Cube Root of 9261 mull be moie 
than 20. 

R r % New 
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Now put r r 20, and e for what 20 wants of the true Root* 
then »s r -f- e = a, or the Cube Root of 9261, and proceed as 
in the Method of Converging Series, Cafe x. Page 230. 

If I x |r + , = *, 

Raife this Equation to the third Power, becaufe it is the 
Cube Root, which is to be extracted. 

r rr -\~ 2 r r e -V 2 ree "\' eee — :aaa 
a a a ~ 926 1 by the Example, 
rrr-\~2rre-{-2ree-\-eee=z 926 r 

Put this Equation into Numbers, and rejeel all the Powers of 
e above e e, as in the Method ot Converging Series. 



I ©-3 
but 



4 in Numbers 

5 — 8coo 
6 — 60 



•2Q-f-, 



8000 ~j- 1200 e -f- 60 e e = 9261 
Becaufe 8000 is lefs than 9261, tranf- 

pofe 8000 
1200^ -f- 60 <? e = 1261 
Dividing by the Co-efficient of e e+ 
20 e -{- e e z=z 21.01 

Dividing by 20 -J- e, that is, by the Co- 
efficient of e plus *, as in the Method 
of Converging Series , 
__ 21.01 



Operation in Numbers, 

20) 21.01 (1 = e 
+ e=j__ 
Divifor 21 2r 



.01 Remainder rejected. 



r = 20 



• e zn 
r + e 



21 = #, which being tried will be found to be the 
Cube' Root of 9261. And by the fame Method may the Cube 
Root oi any other Number be extracted. 

But to fave the Trouble oi repeating this Operation, when 
any Cube Root is to be extracted, the above Procefs may be 
made more general, by not turning the Equation at the fourth 
S^ep into Numbers, and putting any Letter for the given Num- 
ber, whofc Cube Root >s to be extracted. 

Suppofc 
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Suppofe as before a a a zz 9261, let b zz 9261. 

Then a a a = b, to find a, or to extract the Cube Root. 

Now make a Suppofition that 20 is the Root, which being 
tried as before, it will be found too little. Then put 20 =: r, 
and becaufe 20 is too little, r in this Cafe is ufually called lefi 
than jitfi\ and for what r wants of the true Root put e 9 whence 
r -f- e will be the true Root, or equal to a. 



Hence 



1 ©-3 

but 

2 . 1 



r -f- e r= a 

Raife this Equation to the third Power 

as before. 
r r r -\- ^r r e -\> 2 ree "^T ese=zaaa 
a a a =. b a9 above 
rrr-^^rre-^-^ree-^eee zz b 



As we know r r r to be lefs than b, by finding the Cube of 2$ 
was Jtfs than the given Number, therefore tranfpofe r r r, and 
rejeel the Powers of e above e e. 



4 — rr r 



5-^3'- 



3 r r * + ^reezz b — rrr 
Dividing by the Co-eflicient of e t> 

I — rrr 
r e + e ezzz. 



As there will be another Divifion before the Operation is 
finifhed, to keep the Fraction as fimple as may be, fubftitutc 

3- r 

Then J 7 | re + ee=D 
Now dividing by r -\- e> that is, the Co-efficient of e plus e 9 

THEOREM 1. 






Operation in Numbers, 
b zz 9261 
_ r r r zz — 8000 



^r zz 00; i'2bi ^21.01 = -D. 
120 

67 

60 

100 
60 

4 u 



r = 20. 
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r rr 20) 21.01 =z D (1 = e. 



Divifor 21 21 



.01 Remainder neglected- 



r = 20 



r-f- e = 21 — #, the Cube Root required as before. 

Now fuppofe' it was required to extract the Cube Root of 
132651.- 

Here according to the Method of pointing, the Root will 
confift of two Places, and to make a tolerable near Suppofition 
at the firft Trial, the firfl: Period being 132, I confider what 
whole Number cubed will be the neareft to 132, and I find it 
to be 5, then as the Root confifts of two Places, I fupply the next 
Place with a Cypher, and fuppofe the Root to be 50, which 
I know is \g(s than the true Root, as the Cube of 5 is lefs 
than 132. 

Hence, as before, we are to determine what the Number is, 
that 50 wants of the true Root of 13265L 

Then putting r zz 50, and e what it wants of the true Root, 
and b •=. 13265 c, we have juft the fame fubftituted Letters as in 
the laft Example; and if the Operation was repeated it will be 
exactly the fame, it is therefore needlefs to repeat the Work, 
but only obferving the Equation, ox Theorem to find e, which 

is e = , and by Subftitution we have D zz ■ 

' r -\- € 3 r 



Now 


b — 132651 






rrrz 


- — 125000 


.006 




3 r - 


= 150) 7b 5 £ (51 


ssD. 




750 








*5 r 








150 








1000 








900 







too 



t z= 50 
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To extraSf the Cube Root. 

m 50) 51.006 =z D (1 z=z * 
+ e == 1 
Divifor 51 «;i 

.006 Remainder negle&ed* 

Now it was r — 50 
We have found e zz 1 

r + ^z: 51 the Cube Root of 132651, which 
being tried will be found to be true. 

And in the fame Manner, the Cube Root of any other Num- 
ber may be extra&ed, without repeating the Algebraic Work, 
when the Number affumed for the Root is lefs than the true 
Root: But when the Number affumed for the Root is too much, 
or more than the true Root, then we proceed as in the following 
Example, in the fame Manner as at the fecond Cafe of Converging 
Series ', Page 235. 

Required to extract the Cube Root of 24389, or a a a 

— 2 43 8 9- 

By the ufual Method of pointing, the Root will confifl of two 
Fif.ures, the firft Period of the given Number is 24, and the 
Cube of 3 being the neareft of whole Numbers to 24, and fup- 
plying the other Place of the Root with a Cypher > I fuppofe 30 
to be the Cube Root of 24389, but the Cube of 30 is 27000, 
which being more than the given Number, the Cube Root can- 
not be fo much as 30. 

Therefore let r = 30, which is now too great or more ihan]u!} r 
and what 30 is too much call e 9 then will r — e •=. a, or 
the true Cube Root required, and calling the given Number 
24389 = bj 

r — e = a 

Raife this Equation to the third Power 

as before. 
rr r — 3 r r e + Z r ee — e e e — aaa 
a a a rz 24389 z= />, as b is put for the 

given Number. 
r r r — 3 r r e -\- 3 r e e — e e e = b 

Bccaufe b is lefs than r r r, tranfpofe b and reject the Powers 
pf e above c e. 



we have 


1 


I <&3 


2 


but 


3 


*• 3 


4 



.—b 



rrr — b — 3 rr 4-f"3 r e c zz o, for one 
Side of the Equation fubilracled from 
the, other Side mud leave o, or nothing* 

Then 
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Then tranfpofe all the Powers of e> to the other Side of the 
Equation. 



5 + 3 r " 

t> — 3 r e e 



%rre -=ir r r — b -\~Z r e e 

3 r r e — ^reez=.rrr — b 

Dividing by the Co-efficient of e e 9 

rrr — > b 
re — e e = 

3 r 



As there will he another Divifion before the Operation is 
finifhed, to keep the Fra&ion as fimple as may be, fubftitute 

~ rrr — b 

U = • 

3 r 

Then | 9 \re — >ee~G 

Now dividing by r — e, that is, by the Co- efficient of/ 
minus e, 

9 -r- r — e 10 \e\ 



r — e 



., TBEOREMz. 



Operation, 



r rr zz 27000 
— b~z — 24389 



3r^r90j 2bn (29.OI = (?* 
180 

811 

8ro 



100 

90 



10 

rzz 30) 29.01 zz G (1 — e 
— 1 
Divifor 29 29 

.01 .Remainder neglected. 



r = 30 

r — e ~ 29 =: a^ which being cubed will be found the true 
Cube Jtoot of 24389. 

In 
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To extraft the Cube Root. 3 1 3 

In this Cafe, #l t he Quotient Figure is fubftracled from the Di- 
vifor as it is found, the Divifor at the tenth Step being r — e> 
whereas in Theorem I, p. 309 > it was at the eighth Step r + *• 

Now as the firft fuppofed Root mud be too great or too little, 
unlefs it happens to be taken exacl at the firft Time, therefore 
thefe two Theorems will extract the Cube Root of any Nu.mber, 
as in the following Example. 

Let it be required to extract the Cube Root of 14526.784 

From pointing the whole Numbers according to the ufual 
Method in common Arithmetic, the Root will confift of two 
Places of Integers, the firft Period of the given Number being 14, 
the Cube of the whole Number which is neareft to 14 is 2 ; 
and fupplying the ot|ier Place of the Root with a Cypher, I fup- 
pofe the Root of the given Number to be 20, which is too little, 
or lefs thanjuji, the Cube of 2 the firft Figure in the Root being 
lefs than 14, the firft Period in the given Number. 

Then putting b •=• 14526.784 r zz 20, and e what 20 wants 
of the true Root, we proceed as at Theorem 1, page 309, where 

/ = , and by Subftitution D = ■ r , r f . 

r+* 3 r 

hzz T4526.784 

— rrr— — 8000. 



3 r = 60) 6526.784 (108.78 neareft = D. 
60 
526 

480 



467 
420 

478 



+ e = 


20) 
■ 4 


108.78 = 
96 


zD 


(4. 


44 = '- 


Divifor 


24 




Divifor 


4.4 

28.4 


127K 
1136 








Divifor 


.44 
28.84 


142^0 
11536 

2664 


S f 







Th« 
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The Reader will obferve that the Quotient Figure is added 
twice to the Divifor to compleat it, in the fame Manner as at 
the Method of Converging Series^ Page 233. 

Now r = 20 

+ e — 4. 44 

r -f- e r= 24.44 and to try whether this is the true Root ©f 
the given Number cube it. 

24.44 
24.44 



9776 
9776 
9776 
4888 

597-3 I 3 6 
24-44 
23892544 
23892544 
23892544 
1 1946272 



14598.344384 which being greater than the given Num- 
ber, the Ro©t cannot be fo much as 24.44 

To approach (till nearer to the true Root, make* a fecond 
Operation, fuppofing the Number laft found, viz. 24.44 to be r, 
and put e for what that Number is too much, then r — e will 
be the true Root, and putting the given Number 14526.784 

ZZ b, we proceed as at Theorem 2, Page 312, where e = 
an J by Subflitution G = 



r — e 

rr r* — b 



rrr = 14598.344384 
— ^ ^ — 14526.7 84 ^ 

3 r zz 73-3 2 ) 7 I -5 6o 3^4 (-97 6 = G - 
65988 



557 2 3 

^I?24 



4399** 
4399 2 



r =: 24. 
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r'~ 24.44) -9760 zz G (.04 = e. 



» e = — .04 



Divifor 24.40 9760 



Now r = 24.44 by the fir ft Operation. 

r — ezz. 24.4 which being cubed, will be found the true 
Root of 14526.784 

Therefore by the fecond Operation the true Root is found. 

For a further Variety, let it be again required to extrad the 
Cube Root of the fame Number 14526,784 

But let us fuppofe the Cube Root to be 30, the Cube of 
which being 27000, the Root cannot be fo much as 30, then 
putting r — 30, we (hall have r too great or more than juft, 
and putting e what it is too much, then r — e will be the true 
Root, and calling the given Number 14526.784 = £, we pro- 
ceed as at Theorem 2, Page 312, where e z=z > and by 

01 n- • /o r r r — b 
oubltitution G zz — — . 

r r r ~ 27000. 
— b =: — 14526.7 84 
3r^90) 12473.216 (138.591 = G. 
90 



347 
270 



773- 
720 



532 
450 



S21 
8io 



116 

90 



26 

S f 2 r 3= 3© 
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r= 30) 138.591 =G (5.7 



-e-~ 5 




Divifor 25 


125 


— 5-7 


1359 


Divifor 19.3 


1351 



e 



r = 30. 
== —5.7 



24.3 to try whether this is the Cube Root of 
14526.784 cube 24^3 

'24*3 
24^3 



729 

972 
48 6 

59-49 
24-3 

177147 
236196 
118098 

14348.907 which being lefs. than the given Number 
14526.784 the Cube Root mutt be 
more than 24.3 

Now for a fecond Operation, and let r zz 24.3 and what it 

wants of the true Root call <r, then will r -f- e be the true Root, 

and flill calling the given Nnmber 14526.784 = £, we now 

D 
proceed as at 'Theorem 1, Page 309, where * = , and by 

kubfhtution ZJ 1= — -. 



3^ 
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b = 14526.784 
~-rrr = — 14348.907 



3 r = 7 2 -9) 


177.877 ( 
1458 


>44 = 


:2>, 




3207 
2916 




• 


2917 
2916 




r = 24.-3) 
+ -i 

Divifor 24.4 


1 

2.44 m D 

244 


(.1 = 


f. 



rzz 24.3 by the firft Operation* 
+ e — . 1 
r -\- e ~ 24.4 the true Root as before. 
In the fame Manner may the Cube Root of any other Num-* 
ber be extracted, and tho' the true Root may not always be ex- 
actly had, yet by repeating the Operation you may approach to it, 
within any aflignable Degree of Exactnefs, and if a final 1 Miftakc 
happens in the firft, it will be corrected at the fecond Operation. 



To extraB the Biquadrate, or fourth Root. 

THIS Operation proceeds in the fame Manner as in the 
Cube Root, only raifmg the r -j- e or r — e to the 
fourth Power, thus, 

Required the Biquadrate or fourth Root of 194481, or of 
a a a a •=. 194481. 

By placing a Point over the Place of Units^ and another over 
every fourth Figure, we /hail find the Root will confift of two 
Figures: And the firft Period of the given Number being 19, 
now the Biquadiare or fourth Power of 2 being 16, which 
being the neaieir m Integers, and fupplying the other Place of 
the Rout with a Cypher ^ fuppofe 20 to be the Biquadrate 
Root of 1944S 1 ; but the Biquadrate of 20 being only 160000, 
the Root mult be more than 20. Now let m 20, and puttino- 
e for what 20 wants of the true Root, then will r -\- e rr a 
be the true Root requited ; and calling the given Number 
19448 1 = />, then a a a a zz b. 

Now 
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Now | i J r + e = a. 

Raife this Equation to the fourth Power, becaufe it is the 
Biquadrate Root that is to be extracted. 

r rrr -\- \r r r e + 6rree~aaaa y 

all the Powers of e above ee being 

rejected . 
aaaazzb, b being put equal to the 

given Number. 
r r rr + 4 rrr e -\-6rree=b. 
Becaufe r r r r is lets than b> tranfpofc 

r r r r. 
^.rrre + brreer^b — rrrr 
Dividing by the Co-efficient of ee> 
ire , __ b — rrrr 

— + ee = — r~ — 

3 6rr 

"As there will be another Divifion before the Operation k 

Jj rrrr 

ftnifhed, therefore as in the Cube Root, put D = . 



©"4 


2 


But 


3 


* -3 


4 


rrrr 


5 


6 r r 


6 



Then 



ire 



+ ee = D. 



Now dividing by tl -f e, that is, the Co-efficient of & 



plus e y 



2r 
7 



%+^ + i 

s 



e= . D THEOREM i. 



2r 



3 



Operation /> =: 1 94481 
, — rrrr — — i.6or 00 



6 rr — 2400) 34481 (14.367 

2400 



D. 



10401 
9600 

7200 
161 00 
144C0 
17000 



2r 
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2r 



= 13-33) i4-3 6 7 = D (*♦ = '♦ 



+ i- 



14-33 H33 



37 Remainder negle&ed. 



r — 20 



r-\- e ~ ii ~ a b which being raifed to the fourth Power, 
will be found to be the Biquadrate Root of the given Number. 

And if we here take the firft Root too great, or more than 
the Truth, the Operation is the fame as railing the fecond Theorem 
for the Cube Root. 

Suppofe a a aaz=z 456976, to find the Biquadrate Root. 

The Root being found to confift of two Figures as before, 
and the firft Period in the given Number being 45, and the~~ 
Biquadrate of 3 being 81, fupplying the other Place of the 
Root with a Cypher, let us fuppofe 30 to be the Root, but the 
Biquadrate of 30 is 810000, which being more thaa 456976, 
the Root cannot be fo much as 30. 

Then putting r zr 30, and e what 30 is too much, we have 

r e — a the Root required - y and putting b zz 456976, wc 

then have aaaa~b. 



Now 



1 ©• 4 
But 



r — e rzz a 

Raifing this Equation to the fourth 

Power as before, and neglecting the 

Powers of e above ee* 
r rr r — 4 r r r <f -f- 6 rr e e zz a a a a 
a a a a ~b 
rrrr — 4 r r r <? J r 6 r r ^ zz b 



Becaufe b is lefs than rrrr therefore tranfpofe b. 



4 -b 



5+ 4 



rrre 



5 



rrrr — b — \rrre-\-6rreezz O, 
one vSide of the Equation being fub- 
ftra&ed from the other, mu(r leave 
nothings now tranfpofe the feveral 
Powers of e. 

^rrre^-rrrr — b -f- 6 r r e e 

6- 
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6 — 6 r r ee 
7 -t-6 rr 
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4 rrre — 6 free — rrrr — B 
Divide by the Co-efficient of e e. 
ire _ rrrr — b 



6rr 



G = 



For the fame Reafon as in the laft Operation, fubflitute 
rrrr~b 



brr 
Then 



9 



ir 



2 re 



— G 



ir 



Now divide by — — t, that, is, by the 
^ . 3 

Co-efEcient of * /<?/} <r. 

io ! ' = — ^— THEOREM 2. 



ir 



. — e 



- Operation, 

r r r rr 8 ioooo 
-^ — --456976 
6^ = 5400) 353^24 (65.374 =.(?. 

3 2 4QQ 
29024 
27000 



20240 
16200 

4.0400 
378-00 



26000 
21600 

4400 



££ = 20.) 65.374 zz G (4.08 = * 
3 

— 4 
Divifor 16. 64 



.08 13740 



Divifor 15.92 12736 

1004 



r ~ 3© 
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r — 30 

e zz — 4.08 



r — -e= 25.92=^ and to try if this is the Root, 
raife 25.92 to the fourth Power. 

25.92 
25.92 



5184 
23328 
12960 
5184 

671.8464 
671.8464 , 

1 - — 

26873856 
40310784 
26873856 

537477 12 
6718464 

47029248 

40310784 

451377. 58519296 which being lefs than the given Number 
456976, the true Root mull be more 
than 25.92 

Then for a fecond Operation let r n : 25,92 and for what \t 
wants of the true Root put <?, that now r + e -zz #, and ftill 
calling the given Number 456976 = £, this is exactly the fame 
Cafe as when we raifed the firft Theorem, , Page 318, for the 
Biquadrate Root, whence we have no Occadon to repest 
the Algebraic Work, -but to ufe that Theorem^ where 

and by Subflitution D zz 



e = — 



2 r * 6 r r 



T t £ — 
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b =456976. 
— rrrm— 451377.5852 



4rr=: 4031.0784) 5598.4148 (i.3888c=Z>. 
40310784 

I 5 6 733 6 4o 
120932352 



358012880 
322486272 

355266080 
322486272 

32779808 



— = 17.28) 1.3888 = D (,08 = €. 
+ .08 



Divifor 1736 13888 



r = 25.92 by the firfl Operation. 
+ * = .08 

r -f- e -=. 26. = a, which being involved to the fourtk 
Power, will be, found the true Blquadrate Root of 456976. 

The Reader will eafily obferve that thefe two Theorems will 
extract the Biquadrate Root of any given Number, in the fame 
Manner as the two Theorems did for the Cube Root. 

In the fame Method may Theorems be raifed to extract any 
Root, it being no more than to fuppofe a Number to be the re- 
quired Root, and try whether it is too great or too little; then 
calling it r + *> or r — e =z # , or the true Root, as the Oc'cafion 
requires, and raife this Equation as high as the Root is to be 
•attracted, after which the Operation is the fame as before. 
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To turn liquations into Analogies. 

77, O U P P O S E there was given this Proportion a \b : :c:d; 
O tnen multiplying Extreams and Means we have this 
Equation ad=bc, now as we get an Equation from Quantities 
in continual Proportion, by multiplying the Extreams and 
Means, and making one Product equal to the other. Hence to 
turn any Equation into an Analogy, is only the reverfe, by 
taking the Quantities that compofe either Side of the Equation, 
and making them the two Extreams, and the Quantities that 
compofe the other Side of the Equation, and making them the 
two Means in the Proportion. 

To turn the Equation md = za into an Analogy. 

One Side of the Equation is compofed of the Quantities m 
and d. 

And the other Side of the Equation is compofed of the Quan- 
tities z and a. 

Hence placing thefe Quantities according to the Direction, 
^-We have m : z : : a : d 

Or d : z : : a : m 
Or z : d : : m : a 
Or 2; : m : : d : a y &c. 

For multiplying the Extreams and Means #f either of thefe 
Proportions, we mall (till have the given Equation d m — z a. 

Again, fuppofe the Equation an = bdx, and it is required to 
find the Proportion of a to b. 

Now one Side of the Equation is compofed of the Quantities 
a and n. 

And the other Side of the Equation is compofed of the Quan- 
tities b and d x. 

But in ranging thefe Quantities, make the Quantities a and 

whofe Proportion is required, the firft and fecond Terms in 
the Proportion, and place the other two Quantities fo, that if 
the Extreams and Means were to be multiplied, they will pro- 
duce the given Equation, and then we mail find a : b : : d x : n. 

From the Equation dny = b x z> to find the Proportion of 
dtob* 

By the Directions we fhall find d : b : : x % : n y. 

T t 2 From 
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an 



From — = p x d> to find the Proportion of a to d, which 



is a : d : : p x: — for multiplying Extreams and Means 

m m 

zz dpx. 

To find the Proportion of a to % from — = — 1, here 

y x 

b n 

x y 
To find the Proportion of a b to d> from a b or i a b — dny. 
Here a b : d : :ny : i, for multiplying Extreams and Means 
we have <?£ ~ dny. 

78. I mail now fhow the Learner, the Certainty of the 
Rules on which this Science is founded \ this I have purpofeJy 
omitted in the Beginning of the Work, imagining it unrea- 
sonable to expect a Learner to fee the Force of a Demonftra- 
tion in Algebra^ before he is acquainted with its Characters and 
Language. 

The Foundation of tranfpofing Quantities. 

THIS is grounded on the obvious Truth, that every Thing 
u equal U it f elf \ that is, mzz.m, and — y zz — y 9 whence 
to tranfpofe any Quantity, is only to make that Quantity equal 
to itfelf, prefixing to it the contrary Sign, and adding it to the 
given Equation. Suppofe there is given 





I 


a — b + d — m zz z> to tranfpofe, b, d> 
and m> 


Now 


2 


b = b 


1 -f 2 
And 


3 

4 


a -f- d — m zz\ % -|- b 


3 + 4 
Laftly 


5 
6 


a — m zz. z + b — d 
mzz ?n 


5 + 6 


7 


a zz\ z-\-b — d -f- m 



SUBS TRACTION. 

I fay to fubftracl a negative Quantity from a pofitive, is only 
to change the Sign of the negative Quantity, and add it to the 

pofitive 
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pofitive Quantity, and this Sum will be the Remainder required. 
That is, 

If x — y is fubftracled from x -{■ y> I fay the Remainder is 
2y, for 



Suppofe 
And 



x -f- y- 

x — y z 



: m 
; n 



Now if it can be proved that 2y is equal to the Difference 
between m and «, it follows that to fubftraft a. negative Quantity- 
is to change its Sign an«l add it. 

2 +y\ 3 I * - n +y 

Now in the firft Equation for x write n -\- y 9 for that is 
equal to x. • 



Then 

4—n 



4 J n -}- 2 y = m 

5 |2^~^ — n. Q. E. D. 



I fay further, that to fubftracl: a negative Quantity from a 
negative Quantjty, is done by changing the Sign of the Quantity 
to be fubitracled, and then adding them by the Rules in Addi- 
tion, and the Sum will be the Difference required. 



Suppofe 
And 



I x — 2 y — m 
I ,y — y zz tf 



Now the fecond Equation being fubftrac"ted from the firft 
according to the Rule, leaves — y~m — n -, and if it can be 
proved that — y zz m — «, then to fubftracl a negative Quantity 
from a negative Quantity, is only to change its Sign and add it. 



2-fjy 


3 


x = n -\-y 


1 • 3 


4 


n -\- y — 2 y = w 


S — 71 

That is 


5 
6 


^ — 2y ~ m — « 

— y — m — 72. Q^ E. D 



And that m — n is a negative Quantity is evident, for 
x — 2y cannot b^ f© gr cat Jb ^ — >'? they being fuppofed pofitive 
Quantities, and therefore m cannot be io great as n ; con- 

fequently 



Hosted by G00gle 



J26 A L G E B RA. 

fequently m — ft is a negative Quantity, and therefore may be 
equal to — y. And in 

MULTIPLICATION, 

I fay unlike Signs being multiplied give — in the Product ; 
that is, — a x a zz — a a. 

To prove which, I take for granted the following 

LEMMA. 

That no Quantities connected by the Sign + only, or by 
the Sign — only, can be equal to nothing. That is, it cannot 
be — a — b zz ©, or a + b zz o, though it may be a — b zz\ o, 
©r b — a zz 0. 

Now, if pofiible, let — #X a produce a a where the Sign of 
the Product is affirmative. 



Let 



1X2 



m — a rz O 

azz #, that is, every Quantity is equal 

to itfelf. 
ma-^aazzoa, by the Suppofition, 
that is, ?na-\-aa is equal to nothing, which is againft the 
Lemma , therefore — a x a cannot produce a a. 
But, I fay — ax azz — a a. 

Let I \ m — a ~ o 

2 J -f- # = -f- #, for any Quantity is equat 
I to itfelf. 

3 ! ma — a azz o a, that is, W2 a — a a is 
equal to nothing, whence m azz a a. Now that m a zz a a is 
evident, for m — = 0, therefore #z zz a, and multiplying by 
# we have ma — : aa^ confequently — a*azzz — a a. Q^ E. D. 

I fay further, that like Signs tho' — being multiplied, pro- 
duce + in the Product. That is, — a x — a produces aa y and 
Hot — aa> for 



1X2 



Let 



m — a zz o 

— azz — a, every negative Quantity 
being equal to itfelf. 



Now, if pofiible, let — a x ■ 
I X2 | 3 | 



• a produce — a a. Then 



-ma — a a = — o tf, by the Suppo- 
sition, that is, — ma — a a is equal to nothings which is againft 

the 
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the Lemma, . therefore — ax — a cannot produce — a a, but 
the Sign muft be + or affirmative > which may be further 
proved thus, 



Let 



1x2 



z — a = o 

-# == — # 

^ — ma -\- a a =. a, thatis, — ma-^ad 

is equal to nothing, from whence maz=.aa. And that /rc # = # ^ 
is evident, for m — a r= c, therefore /» = a, and multiplying by 
*, we have m a~* a. Hence > — aX — azzaa. Q.E. IX 

DIVISION. 

As unlike Signs in Multiplication produce — in the Product 
I fay that, 

in Divifion, unHke Signs being divided, give- — in the Quo- 
tient, that is, if ab — b b = O, and both Sides of the Equation 
be divided by b, I fay the Quotient will be a — h, and not a -4- k. 

Suppofe unlike Signs to give -f- in the Quotient, 



If 

Let 

I -r- 2 



ah — bb = O 
b = b 

a + h = T , by the Suppofition, that is 
b 



« -f b is equal to nothing, which is againft the Lemma, there- 
fore an Abfurdity follows the Suppofition, that unlike Sign* 

give + in the Quotient -, but I fay unlike Signs give in the 

Quotient. 

Let 



I -r-2 



ab — bb = 
b=.b 

a — b =: — -, that is, * — £ is equal to 



ntthing, whence tfzz £, and that # r= £ is thus proved. 



i +££ 

4-r-* 



4 I *£ = ££ 

5 1 * = *. Q. E. D. 



I fay further, that like Signs being divided, though they are 
negative, give + in the Quotient, that is, ab — b b divided by 
scr- b 7 the Quotient is — a 4- b> and nor — a — k 



If 
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If like Signs though — give — in the Quotient ; then 

Let I ab — bb =r o 
2 — b = —b 

i H- 2 3 — tf — £ = — , by the Suppofition, that 

b 

is, — a — b is equal to nothings which is againfl: the Lemma, 
therefore an Abfurdity follows the Suppofition y that like Sio-na 
though — give — in the Quotient. 

But, I fay, ab — bb divided by — b, the Quotient is 
- — a -f b, that is, like Signs though — give -f" in the Quo- 
tient. For, 

Let i ab — hb -=. o 
2 — b = —b 

1-4-2 3 — a + bzn° that is, — a -f b is 

b 

equal to nothings whence b = a, and that b = a is evident, 
thus, 



I +bb 1 4 
4-^*1 5 



£ — £. Q.E. D. 



By this .the Learner will fee that like Signs though — both 
in Multiplication and Divifion, muft give -f in the Product and 
Quotient, for an Abfurdity follows the contrary Hypothecs, or 
Suppofition, of their producing — in either the Product or 
Quotient. 

The other Principles of this Science are very obvious, beinc* 
the plain Confequenoes of the Axioms mentioned in the Be- 
ginning of the Work. 
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